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INTRODUCTION 
The importance of the stirred tank to mixing operations 
in the chemical industry cannot be denied, yet it probably has 
received the least amount of study. This is probably because 
the complexity of the differential equations describing the 
flow and concentration patterns in a stirred tank and the 
boundary conditions placed upon them make rigorous mathematical 
treatment impossible. As a result the empirical approach 
employing dimensional analysis is most frequently followed for 
correlating the performance of a stirred tank with the process 
variables. 
Agitated vessels are used in such far ranging applications 
as the promotion of heat and mass transfer, promotion of 
chemical reactions, production of more uniform mixtures of 
two or more components, and the dispersion of gases, liquids, 
and solids in a second liquid. It has been established that 
a critical rate of agitation, above which the rate of mass 
transfer at the surface of solid particles suspended in the 
vessel increases much more slowly, exists in such operations 
as leaching, dissolution, and crystallization. This critical 
agitation rate is proposed to be just sufficient to suspend 
the entire solid mass exposing its entire surface area to the 
liquid for mass transfer. Therefore, the variables that 
affect this initial suspension of solids have become the 
object of several studies. 
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Agreement has not yet been reached on the importance of 
all system parameters to the initial suspension of solid 
particles in a stirred tank. There is also a need to extend 
the range of investigation to smaller particles. The first 
phase of this project will be to study the effect of several 
system parameters such as tank diameter, impeller diameter, 
impeller off-bottom distance, density difference between solid 
and liquid phases, and baffling on the complete suspension of 
solid starch granules of less than 100 microns in diameter. 
Mixing of two liquids is important when the object is to 
form a uniform mixture. An important consideration of such an 
operation is the amount of time the two liquids are to be 
agitated to reach the required degree of uniformity. Mixing 
times have been studied for Newtonian fluids from the stand­
points of impeller discharge rates, circulation times, and 
direct measurements on samples withdrawn from various points 
in the vessel. Techniques for determining the uniformity of 
the mixture have ranged from sampling the mixture, to 
"Schlieren methods", to visual observations of acid-base 
neutralizations or dye injections, to electrical conductivity 
measurements. Several correlations of mixing times with the 
system parameters have been developed. 
However, there has been very little work in determining 
mixing times for non-Newtonian fluids. With the increased 
importance of processing non-Newtonian fluids in the 
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manufacture of soaps and detergents, cosmetics, pharma^ 
ceuticals, paints, plastics, rubber, petroleum, nuclear fuels, 
and foods the need to study their mixing characteristics has 
become evident. The second phase of this project will be a 
study of the system parameters affecting mixing times in a 
non-Newtonian fluid such as starch paste. 
Power consumption has always been of primary importance 
in mixing studies. Not only is power consumption of economic 
importance in mixing operations but scale-up of bench-scale 
operations to full-scale operation has long been based on 
power consumption. In both phases of this project the power 
consumption will be measured and the appropriateness of past 
scale-up practices will be examined. 
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REVIEW OF THE LITERATURE 
Solid-Liquid Suspensions 
According to Lyons (39) the first known illustration of 
a device for slurry production appeared in Agricola's "De Re 
Metallica" (1) in the mid^sixteenth century. The device 
depicted is a six-blade turbine mounted centrally in a round, 
wooden tub for the purpose of suspending gold ore for washing 
and leaching. Lyons surmises that prior to the sixteenth 
century the need for large-scale mixing equipment did not 
exist as the small batches of liquid or slurry being processed 
would have been stirred manually with a paddle. As the need 
for mixing operations grew due to the development of new 
processes and large-scale production the design of mixers 
evolved from paddles through multi-blade stirrers to the 
turbines, propellers, and other impeller designs in modern 
usage. Although the design of impellers has changed over the 
centuries the basic equipment has not. Narayanan et al. (48) 
state that the mechanically agitated vessel, or stirred tank, 
is still the most frequently used method of bringing about 
solid-liquid contact. 
One of the first studies of the suspension of solids in 
liquids in stirred tanks to be carried out on a quantitative 
basis was the work of White et al. (70) in 1932. The concen­
tration of sand was measured as a function of position in a 
large, unbaffled tank for varying off-bottom distances of a 
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slowly rotating paddle. The sand concentration was found to 
be higher below the paddle than above with greater off-bottom 
distances resulting in more uniform suspensions. A particle 
sizing effect was also noted with the smaller size particles 
tending to concentrate near the walls and the larger particles 
tending to accumulate in a cone under the paddle. 
In a second study using the same equipment White and 
Sumerford (69) varied the impeller speed and observed three 
distinct regimes of agitation as did Hixson and Crowell (20, 
21, 22) in an independent study of salt dissolution. The 
three regimes are: 
(a) Passive or non-flow regime in which the vertical 
currents set up by the impeller are not of 
sufficient magnitude to lift the particles from 
the bottom leaving them nearly motionless. 
(b) Curvilinear flow regime in which the particles 
move along the bottom of the tank toward the center 
in spiraling paths to form a cone under the center 
of the paddle from which they are then drawn into 
the paddle and dispersed. In this regime the 
solids are suspended and the uniformity of the 
suspension increases as the rotational speed of 
the impeller increases. 
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(c) Turbulent flow regime or saturation zone in which 
the centrifugal forces of the swirling liquid cause 
a separation of the suspension with the particles 
swirling about near the wall and a central core in 
which little or no solids are present. 
A critical impeller speed was noted at the passage from the 
curvilinear flow regime to the saturation zone which was 
suggested as a possible criterion for judging the effective­
ness of agitation. 
Hixson and Tenney (24) developed another criterion for 
the effectiveness of mixing in a study of suspensions of sand 
in water and sucrose solutions. A grab sample tube was used 
to measure sand concentrations which led to the calculation 
at each location in the vessel of a "percentage mixed" defined, 
for the case of excess liquid, by: 
percent mixed = f— x 100% = ^ x 100% 
Sq 100 -
where S = weight percent sand in sample 
= theoretical weight percent sand in a 
perfect mixture 
L, are similarly defined for the liquid. 
In the case of excess sand in the sample the percent mixed 
values are computed by interchanging S for L in the above 
equation. The arithmetic average of the percentage mixed 
values for a particular set of conditions was then defined 
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as the "mixing index" which was used to compare various 
mixing conditions. The mixing index increased with increasing 
impeller speed to a value of about 90 at which point it 
leveled off. The mixing index also increased with increasing 
viscosity of the liquid phase due to the increased resistance 
to settling. 
The existence of two steps in the suspension of particu­
late solids in a liquid of lower density was pointed out by 
Hirsekorn and Miller (17). The steps are: 
(a) the initial suspension of the solids from the 
bottom of the vessel, and 
(b) the uniform distribution of the solids throughout 
the contents of the vessel. 
Zwietering (72) and others (30, 49, 65) also refer to these 
two steps in the formation of solid-liquid suspensions. 
The initial suspension appears to be the more important 
if the purpose of the agitation is to promote mass transfer 
between the solid and liquid phases. Several investigators 
(15, 18, 25, 29) have observed a critical impeller speed above 
which the rate of dissolution of granular solids increases 
much more slowly than below this critical value. Hixson and 
Wilkens (25) imply that the critical speed is the speed at 
which all the particles are in complete suspension exposing 
their entire surface to the liquid for mass transfer. Other 
investigators (6, 15, 29, 32, 33, 40, 48, 49, 66, 72) express 
agreement with this suggestion. 
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The variables affecting this initial, or complete, 
suspension have been investigated by several authors (15, 17, 
29, 30, 31, 38, 48, 49, 65, 72). Hirsekorn and Miller (17) 
observed that the impeller speed necessary for the complete 
suspension of particulate solids—the point at which all 
solids are in circulation with none resting on the bottom— 
is dependent on vessel geometry, liquid viscosity, particle 
size, and particle settling velocity. However, no 
mathematical relationship between these variables was 
presented. Zwietering (72) used dimensional analysis coupled 
with experimental data to determine a relationship between the 
properties of the system and the minimum impeller speed given 
Here s is a parameter dependent upon the tank-to-impeller 
diameter ratio T/D and the tank diameter-to-off-bottom 
distance ratio T/C for the impellers studied except for six-
blade turbines which showed no dependence on T/C. Others (15, 
32, 49, 65) indicate that the off-bottom distance is an 
important variable even for six-blade turbines. The study was 
made in fully baffled vessels and covered a wide range of 
liquid densities and viscosities and two types of solids of 
three particle size ranges from 125 to 850 microns in diameter. 
by 
n = s 
^0.1 apO'2 (gAp/p) 
— oO'SS 
0.45 g0.13 
(1) 
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Narayanan et al. (48) report the minimum impeller speed 
for complete suspension of particulates by flat-blade turbines 
rotating in vessels where the liquid depth H is equal to the 
tank diameter T and located such that there is equal depth of 
liquid above and below the impeller (T/C = 2) may be 
determined from 
n = 1.782 ClOO Kg) - 0 . 2 2  T" 
2 F 1 1 
D 2T -
«s«sL 
2g CAp) 
Vl/2 
2^ 
3 P 
Pp + HgP 
( 2 )  
Here is the solids concentration in g of solid per g of 
liquid and is the net hydrostatic head of slurry in cm of 
water. The equation is based on an attempted theoretical 
consideration of the minimum pick-up velocity to suspend a 
particle and the average recirculation time of the liquid in 
the vessel. The empirical constants were determined from 
experiments on water suspensions of particles ranging from 210 
to 675 microns and having specific gravities in the range of 
1.14 to 2.6. 
Nagata and Yamamoto (47) propose the following relation­
ship between the minimum impeller speed and the properties of 
the system: 
„ = K D-2/3 dpl/3 Ap 
P J  
2/3 -1/9 . V 
V 
0.7 
(3) 
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where V* is the bulk volume of the solid and Vp is the net 
volume of the solid. No details of the determination or 
applicability of the expression are given by the authors. 
Liquid-Liquid Blending 
One of the most important economic factors to be 
considered in any mixing operation is the amount of time the 
contents of the vessel are to be mixed. The mixing time for 
the blending of two miscible liquids was first studied by Wood 
et al. (71) in a large tank equipped with a slowly turning 
paddle. The time for the concentration of salt to reach an 
arbitrarily selected end point at each of four sampling points 
was determined. The salt entered the bottom of the tank as a 
saturated solution and the concentration was measured by means 
of conductivity cells through which the sample streams were 
directed. It was found that there exists a critical impeller 
speed above which little, or no, reduction of mixing time 
occurred. 
Kramers et al. (34) defined mixing time as the time 
interval between the injection of a disturbance and the moment 
from which time on the measured concentration difference 
between two measuring cells remains less than 0.1 percent of 
the average concentration in the vessel. The conductivity of 
the solution was measured as a function of time at two 
different points in the vessel—1/8 of the tank diameter off 
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the bottom and below the liquid surface. The mixing time was 
found to be inversely proportional to the impeller speed. The 
presence of baffles also reduced the mixing time. 
Sachs and Rushton (56) recognized that a relationship 
must exist between the discharge flow rate from an impeller 
and the mixing rate. They used a photographic technique to 
determine the velocity of immiscible tracer droplets in the 
discharge area of a turbine impeller in a baffled tank. The 
velocity data at a given radial distance from the turbine were 
averaged and the volumetric discharge from the impeller was 
calculated. The volumetric discharge flow was found to be 
directly proportional to the rotational speed of the impeller. 
No attempt was made to relate the discharge flow to mixing 
time. Cooper and Wolf (8) also studied pumping capacities for 
turbines. 
Van de Vusse (62, 63), using a "Schlieren" method to 
determine when refractive index differences between water and 
dilute solutions of acetic acid or glycerol disappeared, 
developed correlations of the variables that influence mixing 
times in baffled and unbaffled vessels. He developed 
equations for the theoretical pumping capacity of several 
impeller types and used this quantity to compute a dimension-
less mixing time group. His results show that for the four 
types of impellers studied—paddle, propeller, pitched-blade 
paddle, and curved-blade turbine—the dimensionless time T 
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was proportional to a modified Froude number 
0 Q. 
X = ~ 2^ LJL 
g HAp 
It was also found that for impeller Reynolds numbers greater 
4 0 3 than 10 the product T * was nearly constant. 
Fox and Gex (11) used a visual technique to determine 
mixing times for propellers in unbaffled tanks. A precisely 
measured amount of sodium hydroxide was put into solution and 
phenolphthalein was used to impart a red color to the solution. 
An exactly equivalent amount of hydrochloric acid solution, 
which had previously been adjusted to the density and viscosity 
of the basic solution with glycerine, was then added while the 
agitator was running. The time at which the last wisp of red 
color disappeared was defined as the mixing time. In the 
turbulent regime > 10,000) the mixing time 6^ was found 
to be related to the impeller Reynolds number as 
o  _  T i l  
In the laminar range < 10,000) the relationship for mixing 
time 8^^ is 
f t  -  i r  T i l  
1 cn D^)2/3 ,1/6 • 
The authors suggested that a mixing time factor could be 
defined for propellers as 
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,2)2/3 gl/6 
ij (6) 
This factor is analogous to the friction factor for pipe flow 
and a plot of fp vs. would make possible the calculation 
of the mixing time for a system once the liquid properties, 
physical dimensions, and rotational speed of the propeller had 
been specified. Norwood and Metzner (50) used a similar 
technique and found similar results for turbine impellers in 
baffled tanks. 
Holmes et al. (26) defined a circulation time as the 
residence time of a fluid particle in a circulation loop 
averaged over all streamlines in the loop. They experimentally 
measured the circulation time for those streamlines which pass 
through the turbine using a pulse injection of a conducting 
solution and recording the conductivity of the solution in the 
discharge area of the impeller. The dependence of the 
circulation time t^ on the impeller speed and geometric 
factors was found to be 
t^ - (§) 2 . 
For impeller Reynolds numbers greater than 20,000 the constant 
of proportionality was determined as 0.85 +0.05. It appeared 
that the record of conductivity never showed more than five 
peaks before the solution was well mixed. Therefore, it was 
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suggested that the circulation time was indeed a measure of 
the mixing time. 
There has been very little work reported in the 
literature on determining the mixing times of non-Newtonian 
fluids. In a review article concerning the agitation of non-
Newtonian fluids Su and Holland (58, 59) point out the work 
of Lee et al. (37) and Godleski and Smith (13). 
Lee et al. (37) in a study of mixing high-viscosity 
pseudo-plastic fluids with turbines in unbaffled vessels found 
that the mixing time, as determined by a dye dispersion 
technique, increased inversely with the size of the impeller 
at a constant Reynolds number in the laminar range. They also 
observed a dramatic change in the mixing time vs. Reynolds 
number curve at a Reynolds number of 55. No sharp break was 
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noted with baffled tcinks. The Reynolds numbers, D n p/y, 
were based on the zero-shear viscosity of the fluid. 
Godleski and Smith (13) studied mixing times, which they 
claim is more appropriately termed blend time, for pseudo-
plastic fluids in vessels agitated by turbines using an acid-
base neutralization technique similar to that of Fox and Gex 
(11). They determined that the blend times were considerably 
longer than the corresponding mixing times of Newtonian 
fluids with similar viscosities. It was also noted that the 
pseudo-plastic liquids could be blended most rapidly in 
unbaffled vessels where a vortex had formed and that the blend 
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time was inversely proportional to the square root of the 
depth of the vortex. 
Nagata et al. (44) used the neutralization of a base with 
an acid to determine mixing times of non-Newtonian aqueous CMC 
solutions. They found that there was a minimum stirring speed 
below which the mixing time was infinitely long. It was 
surmised that this impeller speed was the minimum at which 
motion of the fluid occurred throughout the vessel. As the 
speed was increased the mixing time decreased until it 
approached the times for Newtonian fluids. 
Power Requirements 
Bates et al. (3) indicate that the first investigation 
of the power characteristics of rotating impellers was that 
of Thompson (60) in the mid-nineteenth century. This work 
involved the determination of the frictional forces acting on 
flat discs rotating in a large water-filled tank. The 
friction, as measured by the power required to turn the disc, 
was reported to be directly proportional to the third power 
of the rotational speed and the fifth power of the diameter 
of the disc. 
Unwin (61) devised a method whereby the torque produced 
by the friction on the vessel walls could be measured by 
counter-balancing with weights pulling against a torque arm. 
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His measurements show that the power delivered to the vessel 
by a rotating disc is a function of the square of the impeller 
speed and the fifth power of the impeller diameter. He also 
investigated the qualitative effects of surface roughness of 
the disc and vessel, vessel diameter, and viscosity on power 
consumption. 
In the previously cited work of Wood et al. (71) it was 
found that power, which was determined from electrical measure­
ments on the motor at load and no load conditions, rose 
sharply at a speed above which there was no further reduction 
of mixing time. Hixson and Wilkens (25), using a similar 
technique, investigated the effects of baffling and vessel 
diameter. The difficulty in obtaining accurate data by this 
method was pointed out by both authors. 
White and colleages (66, 67, 68) first correlated power 
requirements with the variables of the system using 
dimensional analysis. . They were the first to use the dimen-
sionless group we now refer to as the power number. They 
measured the torque required to turn the impeller shaft and 
found that the power was correlated by 
P = k n^'SG pO.86 ^1.1 #0.3 ^0.6 (?) 
for impeller Reynolds numbers greater than 10,000 and where 
the constant, k, has the value 0.00129 for the fps system of 
units and speed in revolutions per second. 
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Hixson cind co-workers (IS, 23) further investigated the 
effects of geometric shape factors including impeller blade 
width, liquid depth, impeller blade angle, and the use of 
baffles. They used a torque-table to measure the power 
delivered to the vessel and presented their correlations in 
the form of power number vs. Reynolds number curves. 
Perhaps the most significant work in the area of the 
power characteristics of impellers is that of Rushton et al. 
(54, 55). Power was measured by means of a dynamometer 
consisting of a motor mounted on a set of ball bearings and 
prevented from moving by a spring scale attached to a torque 
a3cm on the motor mount. They present Np - curves for pro­
pellers, paddles, and various turbine configurations rotating 
in Newtonian fluids that are still accepted as the standard as 
evidenced by their appearance in Perry et al. (52). The 
correlations include the use of the Froude number to account 
for vortex formation due to swirling in the freely rotating 
(no baffles) case. In the laminar flow region (Reynolds 
number less than 10) the power for any impeller is given by 
P = I U (8) 
where the proportionality constant is dependent upon impeller 
type. In the turbulent flow range (Reynolds number greater 
than 10,000) the relationship is 
P = I" p n^ . (9) 
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Of course/ the constants are not the same in both relation­
ships. Bates et al. (3) indicate that minor improvements 
have been made by Calderbank (5) in the correlations for 
certain types of agitators and present power curves claimed 
to be based on the best information available. 
Recently, the study of the power characteristics of 
rotating impellers has turned to attempts to develop 
correlations for non-Newtonian fluids. Since the viscosity 
of non-Newtonian fluids is dependent upon the shear rate a 
decision must be made as to what value to use in calculating 
the Reynolds number to make a Np - N^^ plot. Bates et al. 
(3) credit Magnusson (41) with developing the presently 
accepted method of determining what viscosity value to use. 
This method involves determination of a power number from 
power measurements on the non-Newtonian fluid and entering the 
power curve for a Newtonian fluid at this value and finding 
the corresponding Reynolds number. The apparent viscosity is 
then calculated from the Reynolds number and system parameters. 
The technique has been used by several authors (7, 13, 37, 43). 
Metzner and Otto (43) devised a relationship between an 
average shear rate and impeller speed as 
= k n . 
ave 
This expression enables one to determine the apparent 
viscosity from the rheological properties (shear stress vs. 
shear rate) of the fluid. The value of the proportionality 
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constant was reported to be 13 for bladed^disc turbines. 
Calderbank and Moo Young (7) substantiated the relationship 
between shear rate and impeller speed but reported a value of 
10 for the coefficient. Metzner et al. (42) extended their 
work to include several impeller types and gave values of the 
coefficient to be used for pseudo-plastic and Bingham plastic 
fluids for each—marine propellers, 10; flat-blade turbines, 
11.5; pitched-blade (45*) turbines, 13. Nagata et al. (45, 
46) also studied the power consumption of mixing impellers in 
Bingham plastic and pseudo-plastic liquids. A value of 11.83 
for the coefficient for turbines was reported. 
There have been few studies made of the power require­
ments of solid-liquid suspensions. Hirsekorn and Miller (17) 
conclude that the power relationships of Rushton et al. (54, 
55) are applicable to suspensions in viscous liquids. They 
also conclude that scale-up may be accomplished by providing 
equal power per unit volume in the larger vessel. 
Kneule (29) presents a relationship between the power 
consumption for minimum suspension of particles and the 
system variables. 
B°-^ V (gAp)l'5 d 0.5 
= k 53 — tlO) 
Ps 
Zwietering (72) presents a similar expression but also 
includes the dependence of the power on the T/D ratio and 
the kinematic viscosity of the liquid. 
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V CgAp)l-3S dp"-® dpO'l 3a-3 , 
Ps = k 0.35 f I ;;OT45 (111 
P D 
where the value of a depends on the impeller type—propellers, 
0.82; paddles, 1.3; turbines, 1.5. Calderbank and Moo Young 
(6) developed an expression of the form 
-s = k ^  
Kohler and Estrin (30) determined Np - curves for the 
power consumption at the minimum suspension point. They used 
a method suggested by Orr and Dallavalle (51) to compute the 
value of the viscosity of the suspension to use in the 
Reynold's number. They concluded that it would be better to 
use techniques based on non-Newtonian behavior. 
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EXPERIMENTAL EQUIPMENT 
The equipment used in this work is similar to that used 
by previous investigators in the area of mixing in stirred 
tanks C17, 30, 32, 48, 49, 72). A description of this 
equipment is given in this chapter. 
Agitation Equipment 
The agitation equipment used in this study is the Model 
ELB Experimental Agitator Kit (Bench Scale Equipment Co.). 
This assembly, shown in Fig. 1, meets the criteria of variable 
speed over a ten-fold range, nearly constant torque, good 
speed regulation under varying load, explosion proof motor, 
and compactness and ease in mounting as suggested by Bates 
et al. (3). The kit consists of a variable speed drive unit, 
a series of commonly encountered impeller styles and sizes, a 
dynamometer assembly for power determination, and a series of 
glass vessels and baffle assemblies. 
The variable speed drive is powered by a 1/4 hp. electric 
motor operating at a constant speed of 3450 rpm. The motor 
is connected to a compound metallic-traction planetary 
transmission having an infinitely variable output speed from 
0 to 1100 rpm. The output shaft speed is set by means of a 
micrometer dial control having a nearly linear dial-speed 
relationship. 
Fig. 1. Experimental agitation equipment 
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The drive is supported on the accessory dynamometer stand 
by a low friction thrust bearing. A precision force gauge is 
attached to the mounting stand and two positions are available 
along the moment arm for increase accuracy in the low torque 
range. A bubble level is built into the stand and the legs 
are provided with adjustable leveling devices. 
The impeller types used in this work are the square-pitch 
marine propeller, the 45® pitched blade turbine, and the 
straight blade turbine of type 316 stainless steel. Three 
diameters of each impeller type were used—6.35 cm. (2-1/2 in.), 
7.62 cm. C3 in.), and 10.16 cm. (4 in.). The various impeller 
types are depicted in Fig. 2. 
The vessels are vertical glass cylinders with filleted 
corners and a slightly inverse dished bottom. Three vessels 
having inside diameters of 21.4 cm., 28.8 cm., and 39.3 cm. 
were used in this work. The baffle sets for each vessel 
consist of four baffles of type 316 stainless steel and 
mounting devices. 
The rotational speed of the impeller was determined by 
a Type 1531-AB Strobotac (General Radio Co.). This device is 
a portable electronic stroboscope that emits a high-intensity, 
short-duration flash of light. The flashing rate is 
controlled by a variable-frequency electronic pulse 
generator. The instrument has a measuring range of 110 to 
25,000 rpm. 
Fig. 2. Three types of impellers used in the experiments 
26 
1 
W = D/8 
D * 
(o) FLAT BLADE TURBINE 
o o 
(b) SQUARE PITCH 
MARINE PROPELLER 
• 
W = D/8 
D - 1 
(c) 45 PITCHED 
BLADE TURBINE 
27 
Blend Time Measuring Equipment 
The equipment for measuring blend times consisted of two 
electrical conductivity cells, a sensitive bridge network for 
cOTiparing the conductivity at the two cells, and a strip chart 
recorder which served mainly as a timing device. 
The conductivity cells, shown in Fig. 3, each consisted 
of four turns of platinum wire forming a cylindrical coil 
25 mm. in diameter by 25 mm. in length, as the ground 
electrode, and a platinum wire along the axis of the cylinder 
as the excited electrode. The shape of the coil and the 
location of the central electrode were maintained by end caps 
of nylon and three supports to prevent vibration of the coil. 
The conductivity cells served as two arms of a network 
provided by a Tektronix Type Q Transducer and Strain Gage 
Plug-in Unit mounted in a Tektronix Type 543A Oscilloscope 
(Tektronix, Inc.). The Q-Unit is completely self-contained 
and needs no external equipment other than the transducers to 
be operated with it. Excitation voltages for the transducers 
are provided by the plug-in unit. The output signal, which 
is proportional to the degree of imbalance between the 
conductivity in the proximity of the two conductivity cells, 
is displayed on the oscilloscope. 
The oscilloscope also provides an output signal which was 
fed into a Brush Mark 280 recorder (Brush Development Co.). 
The recorder was used for signal display and as a timing device. 
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PART I. SOLID-LIQUID SUSPENSIONS 
In the previous work the effects of several system 
variables on the minimum impeller speed required for complete 
suspension of particulate solids from the vessel bottom have 
been investigated. However, the effect of all the parameters 
is not yet clear. Zwietering (72) claims that for turbines 
rotating in baffled vessels the off-bottom distance of the 
impeller has no effect on the required impeller speed while 
Nienow (49) demonstrates that this variable is of significance. 
It appears that further investigation of the off-bottom 
distance and its effect on particle suspension is needed. 
Particle size has been varied from 45 to 12,000 microns 
in diameter by different workers as shown below: 
Investigator Particle size, y 
Weisman and Efferding (65) 45 - 140 
Zwietering (72) 125 - 850 
Nienow (49) 153 - 2230 
Narayanan et al. (48) 210 - 675 
Kolar (33) 530 - 1641 
Hirsekorn and Miller (17) 710 - 1420 
Kneule (29)  900 - 12,000 
As there has been only one investigation for particles of 
less than 100 microns in diameter it is appropriate that 
further work be performed in this area. 
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Since power consumption is such an important economic 
factor, it is desirable to be able to predict the power 
requirements of a proposed process from the results of bench-
scale experimentation on the same or similar materials. It 
has been suggested (17, 47) that scale-up of suspension 
processes may be accomplished through the use of equal power 
per unit volume although Zwietering (72) indicates that this 
criterion may be on the "safe" side. Therefore, it appears 
important that in any study of this nature a record of the 
power consumption be kept and that those variables that are 
important to scale-up be studied. 
Consequently, this phase of the project will investigate 
the minimum impeller speed necessary to maintain particulate 
solids of less than 100 microns in diameter in complete 
suspension from the bottom of a stirred tank and explore the 
effect of system parameters such as impeller off-bottom 
distance, impeller diameter, tank diameter, density 
difference, and baffling on the "suspension point". Con­
currently, the power consumption will be measured and the 
suitability of the much used equal power per unit volume 
scale-up criterion will be examined. 
32 
MATERIALS AND PROCEDURES 
Materials 
The system chosen for the study of the suspension of 
particulate solids in an agitated vessel is the starch-water 
system. The sources of the materials used in the investigation 
are presented in this section. Any special handling or 
preparation procedures for these materials are also described. 
Solid phase 
Two types of starch that exhibit different characteristic 
granule size were used as the solid phase—pearl (corn) starch 
and potato starch. The pearl starch was Douglass Pearl Starch 
(Pennick & Ford) and the potato starch was Crown Powdered 
Potato Starch (Pennick & Ford). 
Gracza (14) lists an average granule size of about 15 ym. 
for corn starch and about 40 ym. for potato starch. Although 
starch is insoluble in cold water Leach (36) states that cold 
water is readily absorbed by the starch granule causing it to 
swell. The average increase in the diameter due to water 
absorption is reported to be 9.1% for corn starch while that 
for potato starch is 12.7%. Therefore, it is very important 
that particle diameters be determined on a "wet basis". 
Another factor contributing to the requirement of measuring 
particle diameters on a wet basis is that dry starch granules 
form agglomerates. These agglomerates would result in larger 
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measured diameters than actually exist in the suspension as 
they are easily broken up in water under the action of an 
impeller. Histograms of the particle size distributions for 
the starches used are given in Figs. 4 and 5. 
The specific gravity of starch is listed by Perry et al. 
(52) as 1.5. However/ structural differences between granules 
of corn and potato starch result in deviations in density 
making it imperative that the densities be measured. 
A summary of the physical properties of the starch 
particles used here is given in Table 1. 
Table 1. Physical properties of starch 
Type Mean particle diameter, ym. 5 Density, g/cm 
Pearl 11.96 1.48 
Potato 23.90 1.77 
Liquid phase 
The effect of liquid phase density and viscosity on the 
suspension was investigated by using three liquids of 
differing density and viscosity. The liquids were a 26% 
sodium chloride solution in water, distilled water, and a 
65% ethanol-35% water solution by volume. Table 2 lists the 
important physical properties of these liquids. 
Fig. 4. Particle size distribution for pearl (corn) starch 
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Table 2. Physical properties of liquid phases @ 25®C 
Liquid Density, g/xtil^ Viscosity, cp 
26% NaCl 1.1944 1.70 
Water 0.9971 0.893 
65% EtOH 0.9020 2.24 
^erry et al. (52). 
^International Critical Tables (64). 
The NaCl used in preparation of the salt solution was 
reagent grade (J. T. Baker Chemical Co.). The solution was 
prepared by volumetrically measuring the required amount of 
water into a vessel. The appropriate quantity of salt was 
then weighed on an Ohaus Triple Beam Balance COhaus Scale 
Corp.) and added to the water in the vessel. The contents 
of the vessel were then stirred until all the salt was 
dissolved. 
Absolute ethanol was used in the 65% EtOH solution. 
These solutions were prepared by volumetrically measuring the 
required amounts of ethanol and water into a vessel and 
stirring. 
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Procedures 
The procedures not only for the determination of the 
minimum impeller speed and power necessary for complete 
suspension but also for the measurement of the physical 
properties of the solid and liquid phases are described here. 
Liquid phase density 
The liquid phase density was measured in a pycnometer 
calibrated according to a procedure outlined by Diehl and 
Smith (9). The volume of the weighing bottle is determined 
by filling the preweighed bottle with distilled water, 
immersing in a temperature bath @ 25°C for a period of 24 hr., 
weighing, and computing the volume of the bottle from standard 
tables listing the volume of 1 g. of water. Once the volume 
of the pycnometer has been determined the density of another 
liquid is determined from the defining equation 
P = 7 • 
Solid phase density 
The density of the starches used in this work was also 
measured by means of a pycnometer. The procedure is to place 
a quantity of starch into the preweighed, calibrated 
pycnometer, weigh the bottle and contents to determine the 
weight of solids, fill with distilled water, place in the 
temperature bath at 25°C for 24 hr., and weigh again. The 
40 
density of the starch is then calculated from the equation 
W - W 
T T  S  
Liquid viscosity 
With the exception of distilled water the viscosities of 
the liquids encountered in this study were measured with a 
Stormer Viscosimeter (Arthur H. Thomas Co.). The viscosimeter 
is shown in Fig. 6. The viscosity of water was obtained from 
standard tables of viscosity (52). 
The procedure for making a viscosity measurement is to 
fill the test cup to 1/2 cm. above the side vanes with the 
liquid to be tested at 25°C and place it in the bath, which 
is filled with water at 25°C. The platform is then raised 
until the rotor is covered by the test liquid to a depth of 
1/2 cm. The weight is then dropped and the time for the rotor 
to make 100 revolutions is measured. The rotor is allowed to 
make about 20 revolutions before the stopwatch is started to 
eliminate the initial acceleration period. The viscosity is 
then determined from a calibration curve prepared from known 
stardards. 
The calibration curve of Fig. 7 was prepared using 
distilled water and several glycerol-water solutions of 
differing concentrations. It was necessary to adjust the 
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weight to its lowest value in order to obtain drop times in 
excess of 20 sec. A minimum of 20 sec. for 100 revolutions 
of the rotor is necessary to avoid turbulence in the test 
liquid. 
Particle diameter 
Previous investigators (17, 30, 32, 48, 49, 72) have used 
standard screens to size the particles used in their studies. 
However, it has already been pointed out that the size of 
starch granules should be determined while in suspension for 
the purposes of this study. This requirement eliminates the 
use of dry screening. 
Irani (27) compares microscopy, settling velocity, and 
Coulter counter methods of particle size measurement for 
wheat flour. He concludes that microscopy and settling 
velocity give identical results while the Coulter counter 
oversizes the particles. Consequently, the method of particle 
size determination used here will be microscopic examination. 
The procedure is to prepare a slurry of the starch 
particles and place a drop of the slurry on a glass slide. 
A photograph is taken through a microscope. The photograph 
can then be blown up to facilitate measurement of the particle 
sizes. A known scale is photographed and blown up to the same 
magnification. The Martins diameter, defined as the length 
of the line which gives equal area on either side, is then 
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measured for a large number of particles to give a statistical 
distribution of particle diameters. Herdan C16Ï suggests 
that 300 measurements should be made to give a statistically 
sound distribution. A typical photograph is shown in Fig. 8. 
Minimum impeller speed and power for suspension 
It was pointed out in the literature review that it is 
possible to observe the bottom of a transparent vessel and 
determine when all of the solid phase has been suspended from 
the bottom. Zwietering (72) states that the minimum impeller 
speed at which complete suspension occurs can be determined 
to within two to three percent by a single observer using this 
visual inspection technique. Weisman and Efferding (65) 
reported some difficulty in making this determination with 
milky thoria suspensions. 
The starch-water system also results in milky suspensions 
making determination of the minimum suspension point difficult, 
especially in unbaffled tanks where much swirling occurs. The 
addition of a very few large, dense particles of contrasting 
color to the slurry provides a stationary reference on the 
tank bottom enabling the observer to determine when the starch 
is completely suspended. 
The experimental procedure is to charge the baffled 
vessel with a weighed quantity of granular starch and to add 
liquid until the height of the slurry H is equal to the tank 
diameter T. The mixer is started and the slurry is agitated 
Fig. 8. Photograph of pearl starch granules 
Magnification: 70OX 
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at maximum impeller speed for a minimum of fifteen minutes 
to break up any agglomerates in the solid phase. The 
indicator particles are also added at this time. The bottom 
of the vessel is observed with the aid of a mirror. If no 
solids remain on the bottom the speed is decreased by 40-50 
rpm. This procedure is repeated until an impeller speed is 
reached where starch particles remain on the bottom of the 
vessel for more than 1 sec. The final adjustments are on the 
order of 10 rpm. The minimum impeller speed at which all 
solids remain suspended is recorded along with the torque and 
temperature of the suspension. 
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DISCUSSION AND RESULTS 
Minimum Impeller Speed to Maintain 
Complete Suspension 
The variables that determine whether the solid phase will 
be in suspension are: 
T tank diameter, cm 
D impeller diameter, cm 
C impeller off-bottom distance, cm 
n impeller speed, rev/sec 
particle size, cm 
P liquid density, g/cm^ 
Ps solid density, g/cm^ 
V 2 kinematic viscosity, cm /sec 
9 acceleration due to gravity, cm/sec 
B % solids, % 
Using dimensional analysis a set of seven dimensionless 
combinations can be formed from these ten variables: T/D, 
T/C, D/dp, ^Fr' Pg/Pf and B. Zwietering (72) states 
that this particular set of dimensionless variables suffers 
the disadvantage that most of them cannot be varied 
independently. However, he adapted the set of dimensionless 
numbers to the experimental situation by combining each 
quantity that is to be varied in the experiment only with 
quantities that are to be held constant. By considering a 
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single solid and a single liquid only six quantities remain 
that can be varied independently: T, D, C, n, d^, and B. The 
other four quantities, viz. p, v, and g, are constant. 
Experimentation involving these quantities can establish the 
relation between all dimensionless numbers except the influence 
of the density ratio p^/p. Dimensional analysis then yields 
the following dimensionless numbers to be used for the 
analysis : 
d nW^^\ B. 
P g J V *  \  V  \ y \ y \  —  /  
Each of these groups can be varied independently in the 
experiments without changing the values of v and g. 
Zwietering found that the stirrer speed necessary for 
complete suspension of sand in water could be expressed as a 
product of powers of T, D, d^, and B but that the dependency 
on C could not be expressed as a power function. From 
graphical analysis of his data he found the following 
relation: 
n = K. T^ d ^ B® for constant T/C 1 p 
The general relations between the dimensionless numbers can 
then be expressed as 
51 
n 
V 
.7. 
1/3 
= K, 
• • ,1/3 a » * ,1/3 b r 1 1/3 
T 
-4 D -3. d -3. 
y'. P A 
B' 
where K2 can be evaluated from by using the numerical 
values of g and v for water. Rearrangement and substitution 
of the symbol f for the sum of a and b the relation becomes 
n = Katg)* ^-1/3 (l+2f4.2c) gl/3(2+f+c) ^3, 
Thus, it is possible to evaluate the influence of viscosity 
and gravity without varying their values. However, in order 
to determine the effect of density ratio it is necessary to 
examine other solid-liquid combinations. The viscosity varies 
simultaneously and allows an independent check on the relation 
between n and v. 
Zwietering found that the values for a and b varied 
appreciably for different impeller types but that their sum f 
was fairly constant. He also found that the values of the 
exponents c and e were independent of impeller type. The form 
of the relation became 
n = dp°'20 ^0.10 A2.)0'45 ^-O.SS 
for constant T/C. 
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Substitution of s for the product K(T/D)^ and rearrangement of 
the equation gave 
n 
vO.l d 0-2 (g A2)0.45 ^0.13 
Plots of s vs. T/D were made for each impeller type with the 
ratio T/C as a parameter. As was pointed out previously, s 
was found to be dependent upon T/C for paddles and marine 
propellers but to be independent of T/C for straight blade 
turbines. 
Nienow (49) substantiated the results of Zwietering 
except for the effect of T/C for straight blade turbines. 
His study involved only one vessel size and a single liquid. 
His technique and method of analysis were similar to that of 
Zwietering. 
A similar method was used in this investigation. However, 
a designed experiment was performed to simultaneously examine 
the effects of tank diameter T, impeller diameter D, particle 
diameter d^, solids content B, liquid phase density p, solid 
phase density viscosity v, and the impeller off-bottom 
distance C on the rotational impeller speed n necessary to 
maintain suspension of the entire solid phase off the bottom 
of the vessel instead of investigating each variable 
independently. The design was to be repeated for three 
impeller types —marine propeller, straight blade turbine, 
and pitched blade turbine (See Fig. 2)—and for two conditions 
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of baffling—fully baffled (four equally spaced baffles with 
T/J % 12) and no baffles. The factors included in the design 
and the levels of each are listed in Table 3. The geometric 
variables are depicted in Fig. 9. 
To run a complete factorial experiment would require 
2916 observations. Rather, it was decided to run only a 1/3 
fraction of these, or 972 observations. The design chosen 
involved making observations at all combinations of impeller 
type and baffling condition and taking a 1/3 fraction of the 
remaining factors, T, D, T/C, d^, B, S, and L. The combina­
tions of factors to be run was determined by standard 
statistical design methods as presented by Kempthorne (28). 
The resulting experiment is presented in Appendix A. 
The data, presented in Appendix B, was analyzed by 
multiple regression techniques. The model 
n = K (|)^^ dp^3 (g ^)^^ B^^ (16) 
for constant T/C 
was linearized by taking natural logarithms resulting in 
In n = a + 6^ In(^) + gg v + In d^ 
+ 0^ ln(g ^ ) + Bg In B + 3g In D 
(17) 
The values of the intercept a and the regression coefficients 
3^ to gg were computed for each combination of impeller type. 
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Table 3. Variables investigated in solid-liquid suspension 
study 
Variable Symbol Levels 
Liquid phase 
(density and 
viscosity) 
L 
(P/V) 
1. 65% by volume ethanol-water 
solution 
2. Distilled water 
3. 26% by weight sodium chloride 
solution 
Solid phase 
(diameter and 
density) 
Tank diameter T 
1. Pearl (corn) starch 
2. Potato starch 
1. 21.4 cm 
2. 28.8 cm 
3. 39.3 cm 
% solids 
Impeller 
diameter 
B 
D 
1. 2% by weight 
2. 5% by weight 
3. 10% by weight 
1. 6.35 cm 
2. 7.62 cm 
3. 10.16 cm 
Tank diameter 
to off-bottom 
distance ratio 
T/C 1. 6 
2. 3 
3. 2 
Impeller type 1. Marine propeller 
2. Straight-blade turbine 
3. Pitched-blade turbine 
Baffling 
condition 
1. Fully baffled 
2. No baffles 
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Fig. 9- Geometry of the system 
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T/C ratio/ and baffling condition. The results of these 
computations are presented in Table 4. 
The coefficient for the effect of particle size differs 
dramatically from that of Zwietering. The negative sign 
indicates that the impeller speed necessary to provide 
suspension of particulates is inversely proportional to the 
particle diameter. The theory of flow past submerged bodies 
and previous experience indicate that the opposite is true. 
One possible explanation for the phenomenon observed here 
is that the starch granules do not behave as rigid particles. 
The surface of the granules may become tacky causing particles 
to adhere to one another resulting in a larger effective 
particle size in the vessel. It was noted that the slurries 
prepared from the smaller corn starch granules have a 
"sticky" feel. Slurries of the larger potato starch granules 
do not exhibit this characteristic to the seime extent. Also, 
as shown in Table 1, the densities of the corn and potato 
starches used in this investigation were quite different. 
Other differences between the two types of starches such as 
amylopectin content, degree of swelling in water, and surface 
roughness may also contribute to the apparent irregular 
effect of d . 
P 
It was decided that the suspension characteristics of 
the two types of starch should be examined separately and 
results should be reported for each type of starch. The 
model examined is derived from dimensional analysis as before. 
Table 4. Regression coefficients for Eg. 17 for n at the 
suspension point 
Coefficient Variable Fully baffled No baffles 
T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
Marine propeller 
a Intercept 4.21 4.26 3.84 5.57 3.93 3.97 
^1 T/D 0.88 0.76 0.88 1.31 1.14 1.00 
^2 V 0.39 0.36 0.33 -0.39 0.02 0.15 
^3 -0.27 -0.22 -0.35 0.04 -0.14 -0.21 
^4 g Ap/p 0.51 0.45 0.54 0.07 0.44 0.49 
^5 B -0.002 0.06 0.04 0.03 0.06 0.03 
^6 D -0.73 -0.65 -0.65 -0.52 -0.61 -0.71 
Straight blade turbine 
a Intercept 3.44 3.96 3.59 3.99 2.87 2.60 
^1 T/D 1.49 1.38 1.08 1.24 1.39 1.26 
^2 V 0.18 0.19 0.19 0.12 0.19 0.11 
^3 -0.33 -0.21 -0.27 -0.14 -0.08 -0.12 
^4 g Ap/p 0.54 0.42 0.51 0.30 0.35 0.49 
^5 B 0.04 0.07 .0.07 0.02 0.10 0.01 
^6 
D -0.55 -0.71 -0.76 -0.46 -0.33 -0.47 
Pitched blade turbine 
a Intercept 3.54 4.15 4.03 3.05 3.94 3.47 
^1 
T/D 1.16 0.87 0.85 1.43 1.20 0.95 
*2 V 0.20 0.25 0.28 0.11 0.15 0.12 
^3 % -0.20 -0.25 -0.29 -0.16 -0.14 -0.20 
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Table 4 (Continued) 
Coefficient Variable Fully baffled No baffles 
T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
$4 g Ap/p 0.45 0.50 0.53 0.33 0.40 0.52 
$5 B 0.08 0.05 0.05 0.10 0.06 0.01 
3g D -0.47 -0.84 -0.94 -0.17 -0.73 -0.71 
but the effect of particle size was left out. Dimensional 
analysis gives for one liquid and one solid 
n 
V 
1/3 
= K. 
1/3 1/3 
B' 
for constant T/C, d^ 
Rearrangement and substitution of f for the sum of a and b 
results in 
n = (|)^ gl/3(2+f) (18, 
Inclusion of a term to account for the effect of the density 
ratio results in 
P 
n = K; (§)* d' gl/3(2+£) (19) 
for constant T/C, d^ 
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The linearized model which was fitted to the data for 
each combination of starch type, impeller type, T/C ratio, and 
baffling condition is 
In n = a + 3^ In {^) + gg D + In B 
(20)  
+ 3^ In V + 3^ In ^  
The factor for the effect of gravity is included in the 
intercept a and is evaluated later from the effect of D as 
suggested by Eg. 19. The resulting regression coefficients 
are listed in Table 5. 
Statistical tests for the dependence of the values of the 
intercept a and the coefficient 3^* for the effect of the T/D 
ratio, upon the impeller type and the T/C ratio were 
performed for each combination of particle diameter (starch 
type) and baffling condition. The results indicated that 
highly significant differences exist between the values of the 
coefficients a and 3^ for each type of impeller and each T/C. 
When the remaining coefficients 32/ 3^, 3^/ 3g were tested for 
dependence upon impeller type and T/C ratio no statistically 
significant differences could be found. Therefore, these four 
coefficients are reported in Table 6 as having the same value 
within a starch type and type of baffling. The error mean 
square associated with the model given by Eg. 20 is an 
2 
estimate of the variance a of the experimental measurements. 
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Table 5. Regression coefficients for Eg. 20 for n at the 
suspension point 
Coeffi- Variable Fully baffled No baffles 
aient T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
dp = 11.96 Tim (corn starch) 
Marine propeller 
a Intercept 4.85 4.11 3.86 1.79 3.08 3.10 
^1 T/D 0.88 0.70 0.87 1.04 1.02 1.04 
^2 D -0.77 — 0.60 -0.70 -1.21 —0.67 -0.77 
^3 B -0.08 0.03 0.004 0.10 0.04 0.06 
^4 V 0.37 0.30 0.24 -0.41 0.05 0.08 
^5 Ap/p 0.44 0.42 0.51 0.43 0.46 
No. data pts. 24 26 26 6 18 25 
Straight blade turbine 
a Intercept 4.14 3.07 3.11 2.96 1.32 2.58 
T/D 1.38 1.35 1.00 1.05 1.47 1.14 
^2 D -0.72 -0.78 -0.70 -0.77 -0.16 —0.76 
^3 B 0.06 0.10 0.03 0.04 0.15 0.02 
@4 V 0.33 0.17 0.16 0.13 0.19 0.05 
«5 à p / p  0.52 0.32 0.50 0.20 0.28 0.48 
No. data pts. 12 18 27 12 15 25 
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Table 5 (Continued) 
Coeffi- Variable Fully baffled No baffles 
cient T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
Pitched blade turbine 
a Intercept 3.48 4.15 4.17 2. 08 2. 97 3 
00 CM 
^1 T/D 1.10 0.75 0.84 1. 29 1. 14 0 .96 
^2 D -0.78 -1.03 -0.92 -•0. 29 -0. 69 -0 .76 
^3 B 0.07 0.03 0.01 0. 06 0. 08 -0 .01 
^4 V 0.15 0.15 0.28 0. 18 0. 17 0 .16 
^5 Ap/p 0.44 0.47 0.54 0. 32 0. 34 0 .51 
No. data pts. 21 26 27 9 19 25 
23.90 ym (potato starch) 
Marine propeller 
a Intercept 4.56 4.41 4.03 1. 87 2. 05 3 .50 
^1 T/D 0.84 0.82 0.93 0. 76 1. 32 0 .94 
^2 D -0.69 -0.70 —0 .60 0. 05 -0. 52 -0 .65 
^3 B 0.11 0.08 0.08 0. 17 0. 08 0 
^4 V 0.41 0.40 0.42 0. 18 0 0 .20 
^5 Ap/p 0.70 0.51 0.59 — - 0. 43 0 .53 
No. data pts. 20 26 25 5 14 22 
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Table 5 (Continued) 
Coeffi- Variable Fully baffled No baffles 
cient T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
Straight blade turbine 
a Intercept 2.27 2.84 3.18 1. 48 2.17 1. 35 
^1 T/D 1.51 1.39 1.20 1. 65 1.33 1. 42 
g 
2 
D -0.48 — 0.64 -0.82 -0. 23 -0.47 -0. 13 
^3 B 0.04 0.04 0.12 0. 03 0.08 0 
^4 V 0.09 0.16 0.24 0. 16 0.16 0. 17 
^5 Ap/p 0.56 0.58 0.57 0. 57 0.44 0. 50 
No. data pts . 11 20 25 8 13 23 
Pitched blade turbine 
a  Intercept 2.38 3.66 3.92 -5. 00 1.84 2. 61 
h  T/D 1.16 1.00 0.86 2. 63 1.58 0. 97 
^ 2  D -0.20 —0 .66 -0.95 0. 28 -0.42 -0. 66 
^3 B 0.10 0.07 0.10 0. 13 0.04 0. 04 
G4 V 0.24 0.33 0.30 -0. 78 0.12 0. 10 
B5 Ap/p 0.43 0.56 0.50 - 0.61 0. 54 
No. data pts . 20 26 25 5 11 24 
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Table 6. Values of the coefficients for the effects of D, B, 
V, Ap/p, and g on n (Eg. 20) 
Coefficient Variable Fully baffled No baffles 
dp = 11.96 ym (corn starch) 
^2 D -0.79 -0.67 
^3 B 0.02 0.04 
G4 V 0.24 0.13 
85 Ap/p 0.47 0.41 
1/3(2+62) 9 0.40 0.44 
dp = 23.90 ym (potato starch) 
^2 D —0 .66 -0.46 
^3 B 0.09 0.04 
V 0.31 0.13 
^5 Ap/p 0.56 0.51 
1/3(2+62) g 0.45 0.51 
In terms of the transformed variable In n the estimate of the 
variance is 0.02. 
As was previously mentioned, the effect of gravity g on 
the suspension speed n is determined from the value of ^2' 
the coefficient for the effect of D. Equation 19 suggests 
that the exponent of g is equal to 1/3(2 + gg)- This value 
is also reported in Table 6. It was necessary to adjust the 
value of the intercept since the effect of g was included in 
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the intercept in previous calculations. The final adjusted 
value of the intercept and the coefficient are listed for 
each impeller type and baffling condition in Table 7. 
The results are presented in a manner similar to that of 
Zwietering in Figs. 10-21. Here the intercept a and the 
regression coefficient 3^^/ for the effect of T/D, are 
combined according to the relationship 
In s = a + In(T/D) 
or (21) 
ct ^1 s = e (T/D) 
The values of s are computed from the coefficients listed in 
Table 7. 
Figures 10 and 11 show that for corn starch the s curves 
lie above those of Zwietering while Figs. 13 and 14 show that 
the s curves for potato starch lie somewhat below those of 
Zwietering. The results for the straight blade turbine 
appear to agree more closely with Zwietering's work than those 
for the marine propeller. 
Figures 11 and 14 indicate a definite dependence of s, 
and thus of n, on the T/C ratio for straight blade turbines. 
This is in contrast to the results of Zwietering who showed 
no dependence of n upon T/C for straight blade turbines. The 
results here are in support of that of Nienow (49) and others 
(15, 32, 65) who observed some dependence of n upon T/C for 
turbines of this type. 
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Table 7. Values of the intercept and the coefficient for the 
effect of T/D on n (Eq. 20) 
Coeffi- Variable Fully baffled No baffles 
cient T/C=2 T/C=3 T/C=6 T/C=2 T/C=3 T/C=6 
dp = 11.96 ym (corn starch) 
Marine propeller 
a Intercept 1.41 1.58 1.32 0-20 0.25 0.12 
T/D 0.91 0.64 0.84 1.33 1.00 1.08 
Straight blade turbine 
a Intercept 1.23 0.86 0.85 -0.10 -0.40 -0.58 
T/D 1.35 1.39 0.97 1.18 1.26 1.18 
Pitched blade turbine 
a Intercept 1.17 1.24 0.82 -0.09 -0.10 -0.25 
T/D 1.09 0.85 0.90 1.07 1.17 0.97 
dp = 23.90 ym (potato starch) 
Marine propeller 
a Intercept 0.99 0.85 0.60 -0.57 -0.97 -0.86 
T/D 0.79 0. 83 0.88 1.05 1.37 0.98 
Straight blade turbine 
a Intercept 0.55 0.33 -0.01 -1.45 -1.42 -1.49 
3^ T/D 1.39 1.36 1.26 1.38 1.34 1.30 
Pitched blade turbine 
a Intercept 0.75 0.42 0.14 -1.35 -1.56 -1.28 
B, T/D 1.04 0.99 0.98 1.44 1.52 1.05 
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Fig. 10. Correlation for suspension of corn starch in 
fully baffled vessels using a marine propeller 
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ZWIETERING (72) 
8 9 10 
Fig. 11. Correlation for suspension of corn starch in 
fully baffled vessels using a straight blade 
turbine 
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Fig. 12. Correlation for suspension of corn starch in 
fully baffled vessels using a pitched blade 
turbine 
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Fig. 13. Correlation for suspension of potato starch in 
fully baffled vessels using a marine propeller 
• ZWIETERING (72) T/C = 1-7 
Fig. 14. Correlation for suspension of potato starch in 
fully baffled vessels using a straight blade 
turbine 
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Fig. 15. Correlation for suspension of potato starch in 
fully baffled vessels using a pitched blade 
turbine 
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Fig. 16. Correlation for suspension of corn starch in 
unbaffled vessels using a marine propeller 
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Fig. 17. Correlation for suspension of corn starch in 
unbaffled vessels using a straight blade turbine 
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Fig. 18. Correlation for suspension of corn starch in 
unbaffled vessels using a pitched blade turbine 
75 
7 8 9 10 
Fig. 19. Correlation for suspension of potato starch in 
unbaffled vessels using a marine propeller 
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8 9 10 
Fig. 20. Correlation for suspension of potato starch in 
unbaffled vessels using a straight blade turbine 
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Fig. 21. Correlation for suspension of potato starch in 
unbaffled vessels using a pitched blade turbine 
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It should be noted that much swirling of the liquid occurs 
when baffles are not used and a vortex is formed. If the 
depth of the vortex is such that air bubbles are drawn directly 
into the impeller an imbalance of forces on the shaft may 
occur and the shaft may bend or vibrate with the eventual 
result of mechanical failure. During the course of the experi­
mental work, if the vortex became deep enough to cause air to 
be drawn into the impeller before suspension was complete a 
notation was made of the speed at that point and no further 
increases in speed were made. Of course, this data did not 
enter into the determination of the impeller speed necessary 
to maintain suspension. 
The straight blade turbine appeared to cause air to be 
drawn into the impeller at lower speeds than either the 
marine propeller or the pitched blade turbine- As might be 
expected, air was drawn into the impeller at lower speeds for 
the lower T/C ratios (higher impeller location) than for the 
higher T/C ratio. Larger impeller diameters drew air at 
lower speeds than smaller impeller diameters. 
To summarize the results, it has been shown that the 
impeller speed n necessary to maintain complete suspension 
of starch granules off from the bottom of a stirred tank can 
be represented by an equation of the form 
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„ = K ^5 g (22a) 
or combining the first two factors into a common factor 
^2 ^3 ^4 n = sD B v A2 
pj 
^5 ^6 
^ g ^ (22b) 
The values of the exponents 3^/ ^2' ^ 3' ^ 4' ^5' ^ 6 
dependent on the type of starch, whether corn starch or potato 
starch, and the type of baffling in the vessel and are listed 
in Table 6. The values of s may be read from Figs. 10-^21. 
Power Requirement to Maintain 
Complete Suspension 
The power input required to maintain complete suspension 
of the solid phase may be calculated from the speed at the 
suspension point and the torque produced by the rotating 
impeller through the use of the relationship 
P = 217 n T 
n 
where P = power 
n = impeller speed 
T^ = torque 
The torque was measured experimentally with the previously 
described dynamometer accessory and is listed in the data 
tables of Appendix B. 
80 
The equipment manufacturer states that torque measure­
ments of less than 0.5 in-lb (0.0565 J) cannot be considered 
accurate. Examination of the data shows that where no 
baffling is used the majority of the torque measurements are 
less than 0.5 in-lb. Even where the vessel is fully baffled 
the torque readings are below this limit for the marine 
propeller and for the pitched blade turbine. Only for the 
straight blade turbine with the use of baffles can any 
confidence be placed in the torque measurements and in the 
power requirements are examined here only for the straight 
blade turbine in the fully baffled vessel. Both starch types 
are examined. 
The variables that affect the power are the same as 
those that have an effect upon the speed needed for complete 
suspension, i.e. T, D, B, v, p, and g. Dimensional 
analysis upon these variables using dimensionless groups 
similar to those used previously for the speed results in 
d 
P 
P 
r 1 1 
,7 
1/3 
= K T 
' 4  
1/3 a 
D '-2." 
2 
1/3 
Ap 
p 
9J y  J V 
(23) 
for constant d^, T/C 
Rearrangement and substitution of f = a + b gives 
P = K(I)a p gl/3(l+f) (24) 
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Here, as in Eq. 19, the value of the exponent of g may be 
determined from the exponent for D and the effect of g is 
lumped with the leading coefficient during data analysis and 
retrieved later. 
Linearization of Eq. 24 and fitting the linearized model 
to the data resulted in the conclusion that the model was 
overspecified. There was no need to include the liquid 
density p in two factors. The model was changed to become 
P = K(^)^ B® (A2) (25) 
for constant d^, T/C 
which is similar to Eg. 19 for the speed n. The linearized 
model 
In P = n + Tj In {^) + In D + Y3 In B 
( 2 6 )  
+ In V + Y5 IN (^) 
was fitted to the data for each combination of starch type 
and T/C ratio for the straight turbine in the fully baffled 
vessel and was found adequate in describing the data. 
Statistical testing indicated that highly significant 
differences exist for the intercept n among the different 
levels of T/C. The coefficient was not found to depend 
upon T/C. Since the remaining coefficients y 2' Y3' # Yg 
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were not dependent upon the T/C ratio in the relationship 
previously developed for speed n, it was assumed they would 
not depend upon T/C here. The values of n for each starch 
type and T/C ratio are listed in Table 8 and a plot of n vs. 
T/C is shown in Fig. 22. The values of the y's are given in 
Table 9. Also listed iii Table 9 are values for the y ' s 
computed from substitution of Eq. 22a into Eq. 27 which 
appears below. The variance in terms of the transformed 
variable In P is 0.13. 
The Reynolds number based upon the liquid phase density 
and viscosity is greater than 20,000 at the suspension point 
for all combinations of impeller type and impeller diameter. 
The mixing is, therefore, considered to be in the turbulent 
region where 
Table 8. Values of the intercept n in Eq. 26 for power 
P = n^ (27) 
T/C Corn starch 
dp = 11.96 ym 
Potato starch 
dp = 23.90 ym 
2 -11.25 -13.51 
3 -11.88 -14.15 
6 -13.28 -15.68 
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Fig. 22. Intercept n of Eq. 2 6 vs. T/C 
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Table 9. Regression coefficients for Eg. 26 for the straight 
blade turbine, fully baffled 
Coefficient Variable Corn starch Potato starch 
(dp = 11.96 vim) (dp = 23.90 ym) 
3 5 3 5 Regression n D Regression n D 
^1 T/D 3.24 '^4 3.66 '^4 
^2 D 2.38 2.63 2.72 3.02 
^3 B 0.18 0.06 0.24 0.27 
^4 V 0.54 0.72 0.52 0.93 
Ys Ap/p  0.95 1.41 1.23 1.68 
1/3(l+Yg) g 1.12 1.20 1.24 1.35 
As was previously mentioned, the regression coefficients 
from the analysis on power are compared in Table 9 to values 
computed from substitution of Eg. 22a (coefficients listed in 
Tables 6 and 7) into Eg. 27. The comparison is favorable. 
The power for the remaining impeller types—marine impeller 
and pitched blade turbine—is, therefore, expected to be 
proportional to n^D^. 
The rule for scale-up of an agitator which must maintain 
a solid in suspension is the rule of egual power per unit 
volume. Zwietering (72) examined this rule and found it to be 
on the safe side. A similar analysis is made below. 
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Assuming geometric similarity between the model and the 
larger-scale apparatus and equal solid and liquid properties 
the impeller speed needed to maintain complete suspension is 
related to a linear dimension, say D, by 
0.79+e 
= constant 
where e is dependent upon the starch type and baffling 
condition. If we assume that in the turbulent region 
P <x 
or, since V = D^, 
I « 
and substitute for n the result is 
P ^ „-0.37±3. _ 
We see that the rule of equal power per unit volume is 
probably adequate. The values of e and the per cent deviation 
are given in Table 10 for each combination of starch type and 
baffling condition. 
Table 10. Values of e and % deviation 
Corn starch Potato starch 
e % G % 
Fully baffled 0 0 -0.13 16 
No baffles -0.12 15 -0.33 42 
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PART II. LIQUID-LIQUID BLENDING 
OF STARCH PASTES 
Previous work in the determination of the effects of the 
system variables on the blend time for miscible liquids has 
centered on Newtonian fluids. Su and Holland (58) point out 
the need to expand the study of mixing times to non-Newtonian 
fluids because of the increased importance of such fluids in 
the chemical industry. In the second phase of th.e project 
attention is focused upon the determination of mixing times 
for blending a miscible liquid into a non-Newtonian fluid. 
Power requirements for mixing such a fluid are also 
investigated. 
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MATERIALS AND PROCEDURES 
Materials 
As in Part I of this work, the system chosen for study is 
the starch-water system. The sources of materials used in the 
investigation are given here. 
Starch paste 
Starch pastes were prepared from corn starch and distilled 
water. The starch used was Douglass Pearl Starch (Pennick & 
Ford). Leach (36) indicates that while corn starch granules 
are essentially unchanged in appearance in cold water, heating 
of the suspension brings about a marked change. At a 
critical temperature some of the granules swell and hydrogen 
bonds within the granular structure are broken. As the 
temperature increases more swelling and increased solubility 
is observed as more starch molecules are liberated from the 
granular structure. The resulting paste can then be cooled 
while retaining its fluid characteristic. Scheve (57) 
classifies the cooled corn starch paste as a non-Newtonian 
fluid exhibiting a yield stress similar to that of a Bingham 
plastic but that pseudo-plastic, or shear-thinning, behavior 
is exhibited above the yield stress value. 
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Conducting solution 
The conducting solution was a 20% by weight solution of 
reagent grade potassium chloride (Matheson Coleman & Bell) in 
distilled water. 
Procedures 
The procedures for the preparation of the starch pastes 
and for determining blend times are described here. 
Preparation of starch pastes 
After placing a heat-transfer coil into the vessel, 
charge a weighed quantity of starch into the vessel. Add the 
proper volume of distilled water to give the desired mixture. 
Start the mixer and increase the impeller speed until the 
solids are all in suspension. Begin the flow of steam 
through the coil and allow the temperature to reach 90®C. 
Maintain the temperature at 90 to 95®C for 1 hr. Turn off the 
steam and cool the paste to room temperature by running cold 
water through the coil while continuing agitation. When the 
desired temperature has been reached the mixer is stopped and 
the coil is removed from the vessel. A cover is kept on the 
vessel during the preparation of the paste to minimize water 
loss by evaporation. 
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Measurement of blend time 
The technique of several authors (11, 13, 37, 50) by 
which the time at which complete neutralization of a basic 
solution by an acid was determined by observing the disappear­
ance of the last wisp of indicator color is not suitable for 
determining mixing times in starch pastes. The acid can 
hydrolyze the starch and alter the rheology of the solution 
even at room temperature. However, the paste is not affected 
by small additions of salt solutions. Thus, the previously 
described technique of Kramers et al. (34) is appropriate. 
Because of the non-Newtonian nature of starch pastes, material 
far removed from the impeller may not be set in motion at low 
impeller speeds and an infinitely long mixing time would be 
encountered. Visual observation of the fluid is sufficient to 
ensure that all the fluid is in motion except for a few "dead 
spots" near the corners of the vessel. Impeller speeds above 
that required for complete motion of the fluid throughout the 
vessel were used in this study. 
The procedure for determining blend times is to place 
one conductivity probe near the vessel wall at a position T/8 
below the surface of the liquid and the other at a position 
T/8 above the vessel bottom directly opposite the first. The 
mixer (see Fig. 1) is started and the speed is adjusted to 
the desired level. The Q-unit bridge (described in the 
chapter entitled Experimental Equipment) is balanced. After 
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a sufficient time period has elapsed to allow the flow 
patterns in the vessel to become well established a volume of 
20% KCl solution equal to approximately 1/10,000 of the volume 
of paste in the vessel is injected into the central region of 
the impeller with a syringe. The strip-chart recorder 
(described earlier in the chapter entitled Experimental 
Equipment) is started at the same time that the injection is 
made. The difference in conductivity between the two probes 
is then recorded as a function of time until the bridge 
returns to a balanced condition. The blend time is the 
elapsed time from the time of the injection until the time at 
which the balance is restored. The impeller speed, torque, 
temperature, and blend time are recorded. The procedure is 
repeated for all impeller speeds. 
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DISCUSSION AND RESULTS 
Blend Time in Starch Pastes 
The variables that have an effect on the blend time 6 
in fully baffled agitated vessels with liquid depth equal to 
the tank diameter are: T, D, C, n, p, v, and g. Thus, 
T T D^n n^D 
9 — f(T/ D, C, n, P/ V, g) « 
Dimensional analysis yields 
n0 = f 
Assuming a power function 
ne = K 
( 2 8 )  
D ' C ' V ' g J 
[D^n] b [n^ol 
P )  V [ 9 
at constant T/C. 
Rearrangement yields 
a 
8 = K j^2b+c ^b+2c-l ^-b g-c (29) 
at constant T/C. 
For non-Newtonian fluids the viscosity is dependent upon 
the rate of shear and is therefore dependent upon the impeller 
speed and the impeller diameter (43). Therefore, for a 
particular non-Newtonian fluid the effect of viscosity can be 
distributed over the other variables. However, doing so makes 
it impossible to determine the effect of the gravitational 
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acceleration g and this effect will be included in the 
constant. Therefore, for a particular non-Newtonian fluid and 
for constant T/C 
- 4c (§ n^ (30) 
if the power function model is correct. 
A factorial experiment was run to investigate the effects 
of impeller speed n, starch concentration P, tank diameter T, 
impeller diameter D, and impeller off-bottom distance C on the 
blend time 0 of starch pastes in fully baffled vessels with 
liquid depth equal to the tank diameter. Two types of 
impeller were examined—the straight blade turbine and the 
square-pitch marine propeller (see Fig. 2). 
Since starch pastes exhibit a yield stress (57) there 
exists a minimum impeller speed below which all of the fluid 
contained in the vessel is not in motion. This minimum speed 
depends on the impeller diameter and tank diameter as well as 
the concentration of the paste. Visual observation of the 
fluid in the vessel was used at the beginning of each run to 
determine the lowest value of n to be used with each impeller 
that would ensure fluid motion throughout the vessel. Five 
levels of n between the lowest value and the maximum speed 
capability of the agitator drive were then selected for blend 
time measurements. In the case of the smallest vessel with a 
value of T equal to 21.4 cm it was also necessary to determine 
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a maximum speed to prevent splash over of the liquid. The 
factors included in the experiment and their levels are listed 
in Table 11. The levels of the factor n are apparent from the 
data tables in Appendix C. 
When the linearized form of Eq. 30 
InG = k + g. In +92 In D + gg In n 
was fitted to the data for each combination of impeller type, 
T/C ratio, and concentration it was found to be inadequate. 
Statistical testing and graphical analysis showed that the 
effect of D could not be adequately represented by the 
logarithmic term. The intercept k was also dependent upon D. 
The model 
ln6 = K + In + (})2 In n (31) 
was found to be more representative of the data. Here, too, 
the intercept ic is dependent upon D as might be expected in 
light of the preceding paragraph. The values of the 
regression coefficients of Eq. 31 are given in Table 12. The 
values of (|>j^ aind <{>2 are common to all D within a level of T/C. 
The experimental error is given by a value of 0.06 for the 
estimate of the variance in terms of the transformed variable 
In 0. 
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Table 11. Variables investigated in blending of starch 
pastes 
Variable Symbol Levels 
Tank diameter T 1. 21.4 cm 
2. 28.8 cm 
3. 39.3 cm 
Impeller diameter D 1. 6.35 cm 
2. 7.62 cm 
3. 10.16 cm 
Tank diameter to T/C 1. 6 
off-bottom 2. 3 
distance ratio 3. 2 
Starch concentration P 1. 1% 
2. 2% 
3. 3% 
Impeller speed n 5 levels determined as 
described in the text 
Impeller type I 1. marine propeller 
2. straight blade turbine 
Thus, it is seen that the blend time for a given 
combination of starch paste, impeller type, and T/C ratio can 
be calculated from the equation 
8 = e^ T 
•l * 2  
(32) 
The values of the exponents to be used are given in Table 12. 
However, caution should be excercised in extrapolation of this 
equation beyond the range of values studied in this investi­
gation. The effect of n, while adequately described by Eq. 22 
94 
Table 12. Regression coefficients for Eg. 31 
T/C K 4)]^ <^2 
Intercept T/D n 
D=6.35 cm D=7.62 cm D=10.16 cm 
Marine propeller 
1% paste 
2 1.87 1.91 2.00 1.95 -0.90 
3 1.91 1.88 1.94 1.94 -0.84 
6 1.60 1.61 1.66 1.83 -0.61 
2% paste 
2 3.30 3.12 3.17 1.66 -1.19 
3 2.72 2.81 2.84 1.70 -1.07 
6 2.88 2.69 2.66 2.02 -1.16 
3% paste 
2 — 7.57 6.21 1.51 -2.28 
3 — 6.27 5.36 1.49 -1.94 
6 — 6.83 5.84 1.25 -2.00 
Straight blade turbine 
1% paste 
2 -0.07 -0.26 0.16 3.17 -1.04 
3 0.88 0.53 0.76 2.65 -1.03 
6 1.00 0.66 0.75 2.72 -1.02 
2% paste 
2 1.10 1.04 1.06 3.00 -1.38 
3 1.60 1.65 1.44 2.78 -1.41 
6 1.44 1.39 1.64 2.78 -1.26 
3% paste 
2 1.76 1.72 1.56 2.89 -1.49 
3 1.71 1.84 1.51 2.99 -1.42 
6 2.90 3.00 2.48 1.72 -1.12 
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over the range of n studied, may not show the same dependence 
for larger values of n. Nagata et al. (44) indicate that 
agitation of Bingham plastic fluids by turbines results in a 
characteristic dependence of 6 upon n represented by Fig. 23. 
The data in the present work are concentrated near the 
beginning of the quickly rising portion of the curve as shown 
in Fig. 24. While an exponential function may adequately 
describe this portion of the curve it certainly would not 
describe the curve at higher values of n if the dependence of 
0 upon n follows a curve similar to that of Fig. 23. 
Nagata et al. (44) state that impellers most suitable 
for mixing high-viscosity liquids over the entire vessel 
exhibit the relation 
n6 = constant 
between the stirring rate and the mixing time. This relation 
is also shown in Fig. 23. Using this criterion the impellers 
used in this study would be judged unsuitable for blending 
starch pastes. However, studies at higher speeds may show 
that the deviation from such a relation between impeller speed 
and blend times may be limited to a small range of n. 
Power Requirements in Mixing Starch Pastes 
The torque produced by the rotating impeller was measured 
experimentally at the impeller speeds used to study the 
mixing time and the power input was computed. Here, as in the 
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nô = CONSTANT 
1 /9  
n 
Fig. 23. Characteristic dependence of blend time 6 for a 
Bingham plastic upon impeller speed n 
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Fig. 24. Dependence of blend time 6 upon impeller speed n 
for 2% starch paste; T = 39.3 cm; T/C = 3; 
straight blade turbine 
98 
study of the suspension of granular starch, the torque 
measurements for the marine propeller were below the lower 
limit of accuracy of 0.5 in-lb (0.0565 J) placed on the 
equipment by the manufacturer. The power data for the marine 
propeller are presented in the data tables of Appendix C, but 
no attempt was made to correlate them. Correlation was made 
between power and the system variables only for the straight 
blade turbine. 
The model 
In P = Ô + 0)^ In n + 0^2 In D (33) 
was fitted to the data for the straight blade turbine for each 
paste concentration with allowances being made for the 
possibility of a dependence of the intercept Ô upon T and 
T/C and was found to represent the data very closely. The 
resulting intercept 5 of the regression is listed for each 
combination of T and T/C in Table 13 and the regression 
coefficients and Wg are given in Table 14. The variance of 
the transformed variable In P is estimated to be 0.003. 
Although statistical testing indicates that highly 
significant differences in 6 exist among the levels of T/C 
ratio and significant differences exist among the levels of T 
an examination of the values of 6 for the different levels of 
T/C and T show a very small variation. It seems doubtful that 
the precision of the power measurements would be high enough 
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Table 13. Values of the intercept 6 of Eq. 33 for power 
requirements of starch pastes 
T/C 1% paste 2% paste 3% paste 
T = 21.4 cm 
2 -14.36 -14.27 -14.50 
3 -14.25 -14.20 -14.46 
6 -14.41 -14.31 -14.59 
T = 28.8 cm 
2 -14.40 -14.29 -14.56 
3 -14.29 -14.22 -14.52 
6 -14.38 -14.34 -14.64 
T = 39.3 cm 
2 -14.38 -14.27 -14.52 
3 -14.28 -14.21 -14.48 
6 -14.37 -14.32 -14.60 
Table 14. Values of the regression coefficients and Wg 
of Eq. 33 for power requirements of starch pastes 
Coefficient Variable 1% paste 2% paste 3% paste 
"2 
n 
D 
2.84 2.83 2.85 
4.72 4.69 4.78 
100 
to detect differences this small when the method of measurement 
is considered. The reading of the center of swing of a 
fluctuating dial on a force gauge would seem to be inherently 
of low accuracy. However, repeated readings of the dial may 
result in a falsely low variance due to the inability of the 
observer to read to the smallest division on the scale. For 
the sake of completeness, values of the regression coefficients 
for Eq. 33 assuming an intercept common to all combinations of 
T/C and T are given in Table 15. 
Table 15. Regression coefficients for Eq. 33 assuming that 
the effects of T/C and T are insignificant 
Coefficient Variable 
6 
0)1 
1% paste 2% paste 3% paste 
-14.24 -14.57 
2.83 2.85 
4.68 4.80 
intercept -14.20 
n 2.82 
D 4.66 
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RECOMMENDATIONS FOR FURTHER WORK 
Solid-Liquid Suspensions 
1. The effect of particle size on the impeller speed 
required to maintain suspension for particles of less than 
100 )im in diameter should be examined using rigid particles 
having the same shape and density. 
2. Further studies upon particles of less than 100 um 
should probably be based on formation of a uniform slurry as 
determined by a light transmission technique similar to that 
described by Kolar (33) as visual observation of particles in 
this size range is difficult. 
Blending of Starch Pastes 
1. Blend times should be studied at higher impeller 
speeds to determine if Eq. 32 adequately predicts 0 at higher 
values of n. 
2. The probe design should be changed to eliminate the 
need for the fluid to flow through a semi-enclosed space. 
This would allow the study of blend times in pastes having 
higher starch content. 
3. Blend times and power requirements should be studied 
using other impeller types such as ribbon and screw impellers 
which may be more appropriate designs. 
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NOMENCLATURE 
This list of symbols contains only those symbols that 
were used throughout the text. Symbols that were used only 
once or twice and were defined as they were used or whose 
definition is obvious from the manner in which they were used 
do not appear here. 
Ajç constant of proportionality 
B solids concentration, % 
C impeller off-bottom distance, cm 
D impeller diameter, cm 
dp particle diameter, cm 
2 g acceleration of gravity, cm/sec 
g„ Newton's law conversion factor 
^c 
H height of liquid in the vessel 
h vortex depth, cm 
J baffle width, cm 
K, k constants of proportionality 
n impeller speed, rev/sec 
2 Np^ Proude number, Dn /g, dimensionless 
Np^ Power number, P/n^D^p, dimensionless 
N^^ Reynolds number, D n/v, dimensionless 
P power, watts 
s constant of proportionality 
T tank diameter, cm 
T torque, dyne cm 
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volume, cm^ 
dry weight of solids, g 
weight of solid and water, g 
viscosity, cp 
kinematic viscosity, y/p, cm /sec 
density of liquid, g/ml 
density of solid, g/cm^ 
density difference, p^-p, g/cm? 
blend time, sec 
variance 
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APPENDIX A. EXPERIMENTAL DESIGN FOR INVESTIGATION 
OF SOLID-LIQUID SUSPENSIONS 
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The following table lists the various combinations of the 
different levels of the factors investigated in the study of 
solid-liquid suspensions. The symbols used for the various 
factors and the explanation of the levels are listed in Table 
3 of the text. 
Table Al. Experimental design for investigation of solid-
liquid suspensions 
Run no. L S T B D T/C I F 
SLSS0014 2 1112 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 12 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
\ 12 
3 3 
2 1 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
1 2 
3 3 
2 1 
3 11 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
SLSS0015 3 1112 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 3 2 
2 3 
1 1 
3 2 
2 3 
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Table Al (Continued) 
Run no, L S T B D T/C I F 
SLSS0016 
1 1 
3 2 2 
2 3 
1 1 
3 2 1 
2 3 
1 1 
3 2 2 
2 3 
1 1 
3 2 3 
2 3 
1 1 
1 3 2 
3 1 
2 2 
1 3 3 
3 1 
2 2 
1 3 1 
3 1 
2 2 
1 3 3 
3 1 
2 2 
1 3 1 
3 1 
2 2 
1 3 2 
3 1 
2 2 
2 3 1 
1 1 
3 2 
2 3 2 
1 1 
3 2 
2 3 3 
1 1 
3 2 
2 3 2 
1 1 
3 2 
2 3 3 
1 1 
Table Al (Continued) 
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Run no. L S T B D T/C 
3 2 
2 3 
1 1 
3 2 
3 1 2 2 3 3 
2 . 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 12 3 1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
SLSS0017 3 13 12 2 
1 3 
3 1 
2 2 
1 3 
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Table Al (Continued) 
Run no. B T/C 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
3 
2 
3 
1 
3 
3 
1 
3 
1 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
2 1 
3 3 
1 2 
2 1 
SLSS0018 3 2 3 11 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
3 2 3 2 3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 2 3 3 1 1 
3 2 
2 3 
1 1 
3 2 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
SLSS0019 
2 3 
1 1 1 
3 2 
2 3 
1 1 3 
3 2 
2 3 
1 1 1 
3 2 
2 3 
1 1 2 
3 2 
2 3 
2 3 1 
3 2 
1 1 
2 3 2 
3 2 
1 1 
2 3 3 
3 2 
1 1 • 
2 3 2 
3 2 
1 1 
2 3 3 
3 2 
1 1 
2 3 1 
3 2 
1 1 
2 3 3 
1 1 
3 2 
2 3 1 
1 1 
3 2 
2 3 2 
1 1 
3 2 
2 3 1 
1 1 
3 2 
2 3 2 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
1 1 
3 2 
2 3 
1 1 
3 2 
3 2 13 1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
SLSS0020 2 2 112 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 1 2 2 1 
1 2 
3 3 
2 1 
1 2 
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Table Al (Continued) 
Run no. L S T B D T/C 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 2 1 3 2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
SLSS0021 2 2 2 12 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
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Table Al (Continued) 
Run no. L S T B D T/C 
3 3 
2 1 
1 2 
3 3 
2 2 2 2 2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 2 2 3 2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
SLSS0022 3 2 2 11 2 
3 3 
2 1 
1 2 
3 3 
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Table Al (Continued) 
Run no. L S T B D T/C 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
3 2 2 2 2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
3 2 2 3 3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
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Table Al (Continued) 
Run no. L S T B D T/C 
2 1 
3 3 
1 2 
2 1 
SLSS0023 2 2 3 12 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 2 3 2 2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 3 3 2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
SLSS0024 2 13 13 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
2 13 2 1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
SLSS0025 
1 3 3 
3 1 
2 2 
3 3 2 
1 2 
2 1 
3 3 3 
1 2 
2 1 
3 3 1 
1 2 
2 1 
3 3 3 
1 2 
2 1 
3 3 1 
1 2 
2 1 
3 3 2 
1 2 
2 1 
3 2 1 
1 1 
2 3 
3 2 2 
1 1 
2 3 
3 2 3 
1 1 
2 3 
3 2 2 
1 1 
2 3 
3 2 3 
1 1 
2 3 
3 2 1 
1 1 
2 3 
2 2 3 
1 3 
3 1 
2 2 1 
1 . 3 
3 1 
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Table Al (Continued) 
Run no. L S T B D T/C 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
1 1 1 3  1  2  
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
SLSS0026 112 13 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
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Table Al CContinued) 
Run no. L S T B D T/C I F 
1 3 
2 2 
1 1 2 2 2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
1 1 2 3 2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
SLSS0027 2 12 13 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
Table Al (Continued) 
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Run no. L S T B D T/C I F 
2 1 
1 2 
3 3 2 1 
2 1 
1 2 
3 3 3 
2 1 
1 2 
3 3 1 
2 1 
1 2 
2 1 2 2 1  1  3 1  
3 2 
2 3 
1 1 1  
3 2 
2 3 
1 1 2  
3 2 
2 3 
1 1 1 2  
3 2 
2 3 
1 1 2  
3 2 
2 3 
1 1 3  
3 2 
2 3 
2 1 2 3 2  2  2 2  
1 3 
3 1 
2 2 3 
1 3 
3 1 
2 2 1 
1 3 
3 1 
2 2 3 1 
1 3 
3 1 
2 2 1 
1 3 
3 1 
2 2 2 
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Table Al (Continued) 
R u n  n o .  L  S  T  B  D  T / C  
1 3 
3 1 
S L S S 0 0 2 8  1 2  2  1 1  3  
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 2 2 2 3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
3 3 
1 2 
2 1 
1 2 2 3 3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
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Table Al (Continued) 
R u n  n o .  L  S  T  B  D  T / C  I  F  
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
3 1 
2 2 
1 3 
SL S S 0 0 2 9  1 2  1 1 1  1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
1 1 
3 2 
2 3 
12 12 3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
1 3 
2 2 
3 1 
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Table Al (Continued) 
R u n  n o .  L  S  T  B  D  T / C  I  F  
1 3 
2 2 
12 13 3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
SL S S Q 0 3 0  1 2  3 1 1  2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 
3 3 
2 1 
1 2 3 2 1 1 
2 3 
3 2 
1 1 
2 3 
3 2 
1 1 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
3 
3 
1 
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Table Al (Continued) 
Run no. L S T B D T/C I F 
1 
2 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
2 
1 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
3 
1 
3 
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APPENDIX B. DATA FOR SUSPENSION 
OF GRANULAR STARCH 
Table Bl, Suspension of corn starch in water (SLSS0014) 
3 dp = 11.96 ym = 1.48 g/cm 
ii = 0.893 cp p = 0.9971 g/ml 
T = 21.4 cm 
Fully baffled Unbaffled 
D T/C 60n Temp. P 60n T^ Temp. P 
cm rpm in-lb °C watts rpm in-lb °C watts 
Marine propeller 
2% slurry H = 21.3 cm 
6.35 2 652 0.14 24.0 1.08 790^ 0.10 23.8 mm — 
7.62 3 406 0.14 24.0 0.67 516 0.12 23.0 0.73 
10.16 6 231 0.12 24.0 0.33 221 0.10 23.5 0.26 
5% slurry H = 21.7 cm 
6.35 3 455 0.02 24.1 0.11 842 0.06 23.2 0.60 
7.62 6 372 0.04 24.2 0.18 482 0.04 23.5 0.23 
10.16 2 252 0.10 24.1 0.30 384 0.14 23.2 0.64 
10% slurry H = 21.4 cm 
6.35 6 437 0.06 25.0 0.31 556= 0.08 25.3 0.53 
7.62 2 444 0.06 25.0 0.32 597^ 0.10 25.3 — — 
10.16 3 314 0.18 25.0 0.67 351 0.16 25.4 0.66 
Pitched blade turbine 
2% slurry H = 21.4 cm 
6.35 2 634 0.28 25.0 2.10 475 0.16 25.0 0.90 
7.62 3 381 0.26 25.0 1.17 312 0,18 25.0 0.66 
10.16 6 170 0.20 25.0 0.40 142 0.12 25.0 0.20 
5% slurry H = 21.7 cm 
6. 35 3 373 0.12 24.8 0.53 595 0.14 23.0 0.98 
7.62 6 210 0.12 24.9 0.30 311 0.08 23.2 0.29 
10.16 2 292 0.48 24.9 1.66 250 . 0.18 23.0 0.53 
10% slurry H = 21.4 cm 
6.35 6 355 0.14 24.3 0.59 497= 0.10 25.0 0.59 
7.62 2 519 0.34 24.8 2.09 425^ 0.18 25.0 — mm 
10.16 3 231 0.30 24.5 0.82 210 0.18 25.0 0.45 
Straight blade turbine 
2% slurry H = 21.4 cm 
6.35 2 840 0.70 24.9 6.96 435 0.16 25.0 0.82 
7.62 3 421 0.42 24.1 2.09 229 0.12 25.0 0.32 
10.16 6 149 0.24 24.1 0.42 169 0.16 25.0 0.32 
5% slurry H = 21.7 cm 
6.35 3 576 0.30 24.4 2.04 425 0.10 23.9 0.50 
7.62 6 314 0.26 24.7 0.96 271 0.04 24.0 0.13 
10.16 2 310 0.90 24.4 3.30 230 0.16 24.0 0.42 
10% slurry H = 21.4 cm 
6.35 6 394 0.20 23.2 0.93 456 0.16 25.3 0.86 
7.62 2 558 0.72 24.0 4.75 393 0.16 25.3 0.74 
10.16 3 251 0.58 23.4 1.72 230 0.18 25.3 0.49 
^Not suspended, air drawn into impeller. 
Table B2. Suspension of corn starch in water (SLSS0027) 
11 .96 um Ps = 1.48 g/cm 
P = 0. 89 3 cp P = 0.9971 g/ml 
T = 28 . 8 cm 
Fully baffled Unbaffled 
D T/C 60n 
""n 
Temp. P 60n T 
n 
Temp. P 
cm rpm in- lb °C watts rpm in-lb °C watts 
Marine propeller 
2% slurry H = 28. 8 cm 
6. 35 3 740 0.04 22.0 0.35 1160* 0.10 21.2 
7. 62 6 541 0.06 22.0 0.38 846 0.12 21.2 1.20 
10. 16 2 385 0.18 22.0 0.82 464 0.16 21.2 — — 
5% slurry H = 29. 1 cm 
6. 35 6 671 0.04 22.0 0.32 880 0.04 21.9 0.42 
7. 62 2 650 0.08 22.0 0.62 740^ 0.08 21.9 
10. 16 3 350 0.12 22.0 0.50 506 0.20 21.9 1.20 
10% slurry H = 28. 8 cm 
6. 35 2 720 0.04 21.7 0.34 900% 0.06 21.7 — —  
7. 62 3 619 0.08 21.7 0.58 842^ 0.16 21.7 — — 
10. 16 6 310 0.06 21.8 0.22 389 0.12 21.8 0.55 
Pitched blade turbine 
2% slurry H = 28. 8 cm 
6. 35 3 720 0.22 22.0 1.87 816^ 0.16 21.2 — — 
7. 62 6 349 0.18 22.0 0.74 506. 0.18 21.2 1.08 
10. 16 2 425 0.84 22.0 4.22 349b 0.26 21.2 — — 
5% slurry H = 29.1 cm 
6.35 6 580 0.16 22.0 1.10 740. 0.18 21.9 1.58 
7.62 2 630 0.40 22.0 2.98 505^ 0.14 21.9 — — 
10.16 3 270 0.38 22.0 1.21 310 0.22 21.9 0.81 
10% slurry H = 28. 8 cm 
6.35 2 1160^ 0.50 21.5 — — 651^ 0.12 21.5 mm 
7.62 3 467 0.24 21.3 1.32 580^ 0.24 21.4 — — 
10.16 6 192 0.20 21.7 0.45 230 0.16 21.7 0.43 
Straight blade turbine 
2% slurry H = 28. 8 cm 
6.35 3 1086 1.10 22.0 14.13 692^ 0.20 21.2 — — 
7.62 6 465 0.42 21.8 2.31 426. 0.18 21.2 0.91 
10.16 2 514° 2.5 21.7 —  —  309° 0.20 21.2 —  —  
5% slurry H = 29. 1 cm 
6.35 6 740 0.44 22.0 3.85 704. 0.20 21.9 1.66 
7.62 2 1086° 2.4 21.9 — —  465% 0.16 21.9 —  —  
10.16 3 571° 2.8 21.9 — — 350 0.36 21.9 1.49 
10% slurry H = 28. 8 cm 
6.35 2 1160^ 1.10 22.0 •— — 580% 0.14 21.4 — — 
7.62 3 820 1.6 22.0 15.52 580° 0.26 21.4 —  —  
10.16 6 270 0.60 22.0 1.92 310 0.24 21.4 0.88 
^Not suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
^^Questionable data not included in analysis. 
Table B3. Suspension of corn starch in water (SLSS0024) 
dp = 11.96 ym = 1.48 g/cm^ 
VI = 0.893 cp P = 0.9971 g/ml 
T = 39.3 cm 
D 
cm 
T/C 60n 
rpm 
Fully baffled 
Temp. 
in-lb °C 
P 
watts 
60n 
rpm 
Unbaffled 
T^ Temp. 
in-lb °C 
P 
watts 
Marine propeller 
2% slurry H = 39. 4 cm 
6.35 6 960 0.16 18.3 1.82 998 0.14 19.8 1.65 
7.62 2 738 0.08 18.2 0.70 1180& 0.30 19.8 — — 
10.16 3 386 0.16 18.2 0.73 671 0.32 19.8 3.54 
5% slurry H = 39. 9 cm 
6.35 2 1160^ 0.16 20.1 — — 1164J 0.14 20.0 — — 
7.62 3 772 0.16 20.1 1.46 1164 0.26 20.0 — — 
10.16 6 387 0.18 20.1 0.82 466 0.20 20.0 1.10 
10% slurry H = 39. 3 cm 
6.35 3 740 0.06 20.9 0.52 1160 0.16 20.7 
7.62 6 595 0.10 20.9 0.70 780. 0.12 20.8 1.11 
10.16 2 428 0.20 20.9 1.01 615° 0.30 20.7 — — 
Pitched blade turbine 
2% slurry H = 39. 4 cm 
6.35 6 692 0.24 19.1 1.96 720. 0.18 19.6 1.53 
7.62 2 884 0,82 19.1 8.58 631^ 0.22 19.5 — — 
10.16 3 385 0.78 19.0 3.55 387 0.38 19.4 1.74 
5% slurry H = 39.9 cm 
6.35 2 1160^ 0.54 20.2 — — 900^ 0.20 20.0 
7.62 3 618 0.52 20.2 3.80 740 0.38 20.0 3.33 
10.16 6 250 0.38 20.2 1.12 270 0.20 20.0 0.64 
10% slurry H = 39.3 cm 
6.35 3 922 0.36 20.9 3.93 1022^ 0.24 20.8 
7.62 6 389 0.20 20.9 0.92 389. 0.08 20.8 0.37 
10.16 2 565^ 1.5 21.0 464^ 0.58 20.8 
Straight blade turbine 
2% slurry H = 39.4 cm 
6.35 6 922, 0.68 19.0 7.42 868. 0.30 19.3 3.08 
7.62 2 1156& 2.6 18.9 — — 580% 0.36 19.3 
10.16 3 458 2.0 18.8 10.84 387 0.50 19.3 2.28 
5% slurry H = 39.9 cm 
6.35 2 1160* 1.00 20.1 — M 764% 0.22 20.0 
7.62 3 884^ 1.7 20.1 — — 689% 0.38 20.0 —. M 
10.16 6 346 1.00 20.1 4.09 309 0.30 20.0 1.10 
10% slurry H = 39.3 cm 
6.35 3 1160* 1.30 21.0 M — 884% 0.32 20.6 
7.62 6 505 0.52 21.0 3.11 583. 0.36 20.8 2.48 
10.16 2 732° 2.4 21.0 — 388° 0.50 20.6 — — 
M 
H 
Not suspended, maximum speed. 
'Not suspended, air drawn into impeller. 
'Questionable data not included in analysis. 
Table B4. Suspension of corn starch in 26% NaCl solution (SLSS0015) 
d = 11.96 ym p = 1,48 g/cm'^ 
P ® 
y = 1.87 cp P = 1.1962 g/ml 
T = 21.4 cm 
Fully baffled Unbaffled 
D T/C 60n T Temp. P 60n T Temp. P 
n n 
cm rpm in-lb °C watts rpm in-lb "C watts 
Marine propeller 
2% slurry H = 21.1 cm 
6.35 3 395 0.06 26.0 0.28 560 0.08 23.2 0.53 
7.62 6 271 0.06 26.0 0.19 333 0.06 23.0 0.24 
10.16 2 292 0.14 26.0 0.48 271 0.14 23.8 0.45 
5% slurry H = 21.8 cm 
6.35 6 416 0.06 25.0 0.30 416 0.06 26.0 0.30 
7.62 2 396 0.10 25.0 0.47 600 0.10 26,0 0.71 
10.16 3 278 0.10 24.9 0.33 273 0.08 25.9 0.26 
10% slurry H = 21.4 cm 
6.35 2 478 0.04 24.3 0.23 756^ 0.10 24.3 — — 
7.62 3 435 0.10 24.2 0.51 515 0.08 24.4 0.49 
10.16 6 231 0.06 24.2 0.16 230 0.10 24.4 0.27 
Pitched blade turbine 
2% slurry H = 21.1 cm 
6.35 3 354 0.16 25.9 0.67 374 0.12 24.8 0.53 
7.62 6 189 0.14 25.6 0.31 210 0.10 24.1 0.25 
10.16 2 233 0.42 26.0 1.16 190 0.16 24.9 0.36 
5% slurry H = 21.8 cm 
6.35 6 292 0.08 24.8 0.27 292 0.04 26.1 0.14 
7.62 2 355 0.20 24.3 0.84 396 0.10 26.1 0.47 
10.16 3 211 0.28 23.1 0.70 192 0.12 26.0 0.27 
10% slurry H = 21.4 cm 
6.35 2 559 0.20 24.4 1.32 436 0.06 24.0 0.31 
7.62 3 334 0.18 24.3 0.71 354 0.12 24.3 0.50 
10.16 6 150 0.16 24.3 0.28 150 0.08 24.1 0.14 
Straight blade turbine 
2% slurry H = 21.1 cm 
6.35 3 484 0.24 25.5 1.37 354 0.10 25.0 0.42 
7.62 6 230 0.20 25.2 0.54 210 0.10 25.0 0.25 
10.16 2 230 0.60 25.6 1.63 190 0.14 25.0 0.31 
5% slurry H = 21.8 cm 
6. 35 6 274 0.10 25.6 0.32 295 0.10 26.0 0.35 
7.62 2 478 0.64 25.3 3.62 292 0.14 26.0 0.48 
10.16 3 232 0.56 25.1 1.54 170 0.12 26.0 0.24 
10% slurry H = 21.4 cm 
6.35 2 710 0.60 24.2 5.04 519 0.14 23.0 0.86 
7.62 3 435 0.50 24.3 2.57 271 0.10 23.3 0.32 
10.16 6 270 0.80 24.3 2.55 150 0.08 23.1 0.14 
^ot suspended, air drawn into impeller. 
Table B5. Suspension of corn starch in 26% NaCl solution (SLSS0016) 
dp = 11.96 ym = 1.48 g/cm^ 
Vi = 1.80 cp P = 1.2004 g/ml 
T •= 28.8 cm 
D 
cm 
T/C 60n 
rpm 
Fully baffled 
Temp. 
in-lb °C 
P 
watts 
60n 
rpm 
Unbaffled 
T^ Temp, 
in-lb *C 
P 
wattÊ 
Marine propeller 
2% slurry H = 28. 7 cm 
6.35 6 497 0.06 23.6 0.35 582 0.08 24.3 0.55 
7.62 2 436 0.08 23.5 0.41 720 0.14 24.3 1.19 
10.16 3 272 0.10 23.8 0.32 308 0.12 24.3 0.43 
5% slurry H = 29. 3 cm 
6.35 3 483 0.04 24.5 0.23 812 0.16 24.0 1.54 
7.62 6 307 0.04 24.4 0.14 465 0.06 24.0 0.33 
10.16 2 286 0.14 24.3 0.47 465 0.20 23.6 1.10 
10% slurry H = 28. 8 cm 
6.35 3 541 0.08 25.0 0.51 846 0.12 25.2 1.20 
7.62 6 386 0.08 25.0 0.36 466 0.08 25.3 0.44 
10.16 2 287 0.18 25.0 0.61 426 0.22 25.2 1.11 
Pitched blade turbine 
2% slurry H = 28. 7 cm 
6.35 6 331 0.08 24.1 0.31 369 0.06 24.3 0.26 
7.62 2 477 0.34 24.0 1.91 475 0.22 24.4 1.24 
10.16 3 171 0.20 24.1 0.40 230 0.18 24.3 0.49 
5% slurry H = 29.3 cm 
6.35 3 425 0.10 25.0 0.50 580 0.18 23.5 1.24 
7.62 6 229 0.12 25.0 0.32 269 0.14 23.2 0.44 
10.16 2 285 0.50 25.0 1.68 306 0.26 23.1 0.94 
10% slurry H = 28.8 cm 
6.35 3 524 0.20 24.6 1.24 656 0.20 25.1 1.55 
7.62 6 250 0.18 24.9 0.53 271 0.16 25.1 0.51 
10.16 2 306 0.60 24.8 2.17 326 0.20 25.1 0.77 
Straight blade turbine 
2% slurry H = 28.7 cm 
6.35 6 435 0.20 24.0 1.03 484 0.14 24.4 0.80 
7.62 2 666 1.12 23.9 8.82 464 0.22 24.3 1.21 
10.16 3 269 0.78 24.0 2.48 230 0.20 24.4 0.54 
5% slurry H = 29.3 cm 
6.35 3 984 1.10 24.9 12.80 736^ 0.24 24.2 — 
7.62 6 249 0.18 24.8 0.53 309 0.16 24.1 0.58 
10.16 2 379 1.70 24.8 7.62 269 0.26 24.0 0.83 
10% slurry H = 28.8 cm 
6.35 3 1078 1.3 23.3 16.57 740 0.26 25.4 2.28 
7.62 6 365 0.36 24.3 1.55 329 0.18 25.5 0.70 
10.16 2 465 2.5 24.3 13.75 270 0.32 25.4 1.02 
^ot suspended, air drawn into impeller. 
Table B6. Suspension of corn starch in 26% NaCl solution (SLSS0017) 
dp = 11.96 ym = 1.48 g/cm^ 
M = 1.77 cp P = 1.2035 g/ml 
T = 39.3 cm 
Fully baffled Unbaffled 
D T/C 60n Temp. P 60n Tn Temp. P 
cm rpm in-lb °C watts rpm in-lb *C watts 
Marine propeller 
2% slurry H = 39. 6 cm 
6.35 2 1098 0.22 22.9 2.86 1162& 0.20 23.3 — — 
7.62 3 652 0.14 22.8 1.08 876 0.20 23.3 2.07 
10.16 6 301 0.10 23.0 0.35 310 0.12 23.3 0.44 
5% slurry H = 40. 2 cm 
6.35 2 1062 0.22 23.0 2.76 1160^ 0.18 23.0 — — 
7.62 3 655 0.18 23.0 1.39 964 0.26 23.0 2.96 
10.16 6 289 0.18 23.0 0.62 288 0.10 23.0 0.34 
10% slurry H = 39. 3 cm 
6.35 3 656 0.16 22.1 1.24 824 0.20 22.3 1.95 
7.62 6 542 0.14 22.1 0.90 876. 0.18 22.3 1.86 
10.16 2 346 0.24 22.0 0.98 614® 0.40 22.3 — —  
Pitched blade turbine 
2% slurry H = 39. 6 cm 
6.35 2 1098 0.60 23.1 7.79 872^ 0.26 23.3 
7.62 3 484 0.36 23.1 2.06 580 0.34 23.3 2.33 
10.16 6 210 0.32 23.1 0.79 265 0.30 23.3 0.94 
5% slurry 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
2 
3 
6 
3 
6 
2 
2 
3 
6 
2 
3 
6 
3 
6 
2 
1060 
424 
210 
655 
347 
500 
1162' 
675 
246 
1160' 
854 
286 
1160' 
346 
539 
0.50 
0.30 
0.34 
23.0 
23.0 
23.0 
H = 
6.27 
1.50 
0.84 
40.2 cm 
932* 
656 
310 
10% slurry H = 39.3 cm 
0.30 
0 . 2 6  
1.50 
21.9 
22.0 
21.9 
2.32 
1.07 
8.87 
1062 
385 
466 
Straight 
2% slurry 
blade turbine 
H = 39.6 cm 
1.30 
1.24 
0.60 
23.0 
23.0 
23.0 
9.90 
1.75 
78Cr 
581 
249 
5% slurry 
1.30 23.0 
2.00 23.0 
0.84 23.0 
10% slurry 
H = 40.2 cm 
20.20 
2.84 
800r 
73or 
231 
H = 39.3 cm 
1.60 
0.38 
3.20 
23.5 
23.4 
23.4 
1.55 
20.40 
920 
472 
422 
0.34 
0.46 
0.38 
0.40 
0 . 2 2  
0 . 6 6  
0.36 
0.42 
0.34 
0.36 
0.64 
0.30 
0.50 
0.36 
0.72 
22.9 
22.9 
22.9 
2 2 . 2  
22.3 
22.1 
23.2 
23.2 
23.2 
23.0 
23.0 
23.0 
22.4 
22.4 
22.4 
3.57 
1.39 
1.00 
2.89 
1.00 
0 . 8 2  
2.01 
^Not suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
Table B7. Suspension of corn starch in 65% by volume ethanol solution (SLSS0025) 
dp = 11.96 ym = 1.48 g/cm^ 
U = 1.93 cp p = 0.9 518 g/ml 
T = 21.4 cm 
D 
cm 
T/C 
Fully baffled 
6On Temp. P 
rpm in-lb ®C watts 
Unbaffled 
60n T^ Temp. P 
rpm in-lb °C watts 
Marine propeller 
2% slurry H = 21.8 cm 
6.35 6 596 0.08 19.7 0.56 616 = 0.10 21.4 0.72 
7.62 2 720 0.18 19.9 1.53 618^ 0.18 21.5 — 
10.16 3 289 0.22 19.3 1.01 349 0.20 21.2 0.82 
5% slurry H = 21.8 cm 
6.35 2 774 0.16 20.0 1.46 806^ 0.16 21.0 — 
7.62 3 672 0.18 20.0 1.43 758 0.16 21.0 1.43 
10.16 6 341 0.18 20.0 0.73 270 0.08 21.1 0.26 
10% slurry H = 21.4 cm 
6.35 3 778 0.18 21.1 1.67 844 0.10 21.6 1.00 
7.62 6 566 0.10 21.1 0.67 555= 0.06 21.8 0.39 
10.16 2 465 0.26 21.1 1.43 386^ 0.20 21.9 — 
Pitched blade turbine 
2% slurry H = 21.8 cm 
6.35 6 436 0.16 20.9 0.82 464= 0.10 21.2 0. 55 
7.62 2 503 0.38 20.9 2.26 425® 0.20 21.2 — 
10.16 3 269 0.38 20.4 1.21 271 0.20 21.0 0.64 
5% slurry H = 21.8 cm 
6.35 2 1022 0.46 21.0 5.56 616* 0.16 21.0 
7.62 3 544 0.40 20.7 2.57 468 0.20 21.0 1.11 
10.16 6 269 0.40 21.0 1.27 230 0.20 21.0 0.54 
10% slurry H = 21.4 cm 
6.35 3 671 0.24 20.8 1.90 579 0.16 21.1 1.10 
7.62 6 356 0.22 21.0 0.93 341 0.16 21.2 0.64 
10.16 2 395 0.84 21.0 3.92 309 0.24 21.6 0.88 
Straight blade turbine 
2% slurry H = 21.8 cm 
6.35 6 465 0.24 20.1 1.32 466 0.18 21.0 0.99 
7.62 2 720 1.10 20.4 9.37 428 0.20 21.0 1.01 
10.16 3 307 0.96 20.0 3.49 236 0.20 21.0 0.56 
5% slurry H = 21.8 cm 
6.35 2 1160^ 1.2 20.2 541* 0.18 21.1 
7.62 3 541 0.70 20.1 4.48 388 0.20 21.1 0.92 
10.16 6 225 0.42 20.2 1.12 194 0.16 21.1 0.37 
10% slurry H = 21.4 cm 
6.35 3 656 0.44 20.2 3.41 543 0.20 21.9 1.28 
7.62 6 357 0.28 20.5 1.18 315 0.14 21.9 0.52 
10.16 2 455° 2.0 20.6 — 231 0.22 21.9 0.60 
^Not suspended, air drawn into impeller. 
^Not suspended, maximum speed. 
Not suspended splash over. 
H 
VO 
Table B8. Suspension of corn starch in 65% by volume ethanol solution (SLSS0026) 
2 dp = 11.96 um Pg = 1.48 g/cm 
y =1.85 cp p =0.8922 g/ml 
T = 28.8 cm 
D 
cm 
T/C 
Fully baffled 
6On Temp. P 
rpm in-lb °C watts 
Unbaffled 
6 On T^ Temp. 
rpm in-lb °C 
P 
watts 
Marine propeller 
2% slurry H = to
 
00
 
8 cm 
6.35 2 1164 0.24 22.8 3.30 llGOg 0.20 22.0 
7.62 3 812 0.20 22.8 1.92 926^ 0.20 22.0 — — 
10.16 6 386 0.18 22.5 0.82 465 0.22 22.0 1.21 
5% slurry H = 29. 3 cm 
6.35 3 924 0.14 23.3 1.53 1160^ 0.16 23.0 — — 
7.62 6 695 0.10 23.3 0.82 850. 0.16 23.0 1.61 
10.16 2 505 0.24 23.3 1.43 505b 0.20 23.0 
10% slurry H = 28. 8 cm 
6.35 6 814 0.08 22.8 0.77 902 0.06 22.1 0.64 
7.62 2 780 0.16 22.3 1.48 738 0.08 22.1 — 
10.16 3 465 0.26 22.7 1.43 592 0.26 22.1 1.82 
Pitched blade turbine 
2% slurry H = 28. 8 cm , 
6.35 2 1160^ 0.50 22.3 736^ 0.18 22.0 — — 
7.62 3 579 0.42 22.4 2.88 616 0.34 22.0 2.48 
10.16 6 270 0.46 22.2 1.47 349 0.28 22.0 1.16 
5% slurry H = 29.3 cm 
6.35 3 928 0.40 23.0 4.39 898^ 0.22 22.9 
7.62 6 465 0.36 23.0 1.98 541. 0.18 22.9 1.15 
10.16 2 501 1.2 23.1 7.11 349 0.24 22.9 
10% slurry H = 28.8 cm 
6.35 6 780 0.24 22.2 2.21 670. 0.14 22.1 1.11 
7.62 2 884 0.78 22.2 8.16 542% 0.20 22.1 
10.16 3 349 0.60 22.2 2.48 386 0.36 22.1 1.64 
Straight blade turbine 
2% slurry H = 28.8 cm 
6.25 2 1164% 1.00 22.0 — — 619% 0.18 22.0 
7.62 3 886 1.6 22.1 16.77 576% 0.30 22.0 
10.16 6 309 0.80 22.0 2.92 349 0.40 22.0 1.65 
5% slurry H = 29.3 cm 
6.35 3 1160& 1.10 22.9 — — 776% 0.20 22.9 
7.62 6 718 0.86 22.9 7.30 544. 0.22 22.9 1.42 
10.16 2 762 4.2 23.1 37.86 349% 0.36 22.9 — — 
10% slurry H = 28.8 cm 
6.35 6 80CI 0.48 23.0 4.54 740. 0.18 22.0 1.58 
7.62 2 1160® 2.5 22.8 — —  506^ 0.22 22.0 
10.16 3 505° 2.3 22.9 — — 386 0.44 22.0 2.01 
^Not suspended, maximum speed. 
^Not suspended, air drawn into impeller, 
^Questionable data not included in analysis. 
Table B9. Suspension of corn starch in 65% by volume ethanol solution (SLSS0031) 
d = 11.96 vim p = 1.48 g/cm^ 
P ® 
y = 2.01 cp p = 0.8907 g/ml 
T = 39.3 cm 
D 
cm 
T/C 
Fully baffled 
6On Temp, 
rpm in-lb °C 
P 
watts 
Unbaffled 
6On T^ Temp. P 
rpm in-lb °C watts 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
3 
6 
2 
6 
2 
3 
2 
3 
6 
3 
6 
2 
1160' 
1092 
912 
1164! 
1160' 
570 
1098 
555 
1160* 
668 
649 
0.16 
0 . 2 2  
0 . 6 6  
Marine propeller 
2% slurry H = 39.3 cm 
— 116o! 2 2 . 0  
2 2 . 0  
2 2 . 0  
5% slurry 
0 . 2 6  
0.24 
0.30 
21.8 
21.8 
21.9 
10% slurry 
0.22 
0.32 
21.1 
21.1 
2.84 
7.12 
1158: 
63or 
H = 39.8 cm 
2 . 0 2  
1160! 
1160; 
738* 
H = 39.3 cm 
2 . 8 6  
2.10 668  
Pitched blade turbine 
2% slurry H = 39.3 cm 
0.46 
0.50 
1.9 
21.9 
21.9 
21.9 
3.95 
14.59 
1036; 
778* 
0 .10  
0 . 2 6  
0.24 
0.16 
0 . 2 0  
0.40 
0.30 
0 . 2 6  
0.40 
21.1 
21.1 
21.1 
2 2 . 0  
2 2 . 0  
2 2 . 0  
21.0 
21.1 
21.1 
2.37 
5% slurry H = 39.8 cm 
6.35 6 986^ 0.40 21.2 4.67 1088^ 0.30 22.0 
7.62 2 1158^ 1.3 21.1 — — — —  mm _ « am 
10.16 3 424 0.80 21.4 4.01 — —  — — — — — —  
10% slurry H = 39.3 cm 
6.35 2 1162& 0.42 21.0 mrnmm 
7.62 3 740 0.60 21.0 5.25 776^ 0.40 21.0 — — 
10.16 6 356 0.62 21.1 2.61 465 0.56 21.0 3.08 
Straight blade turbine 
2% slurry H = 39.3 cm 
6.35 3 1154% 1.06 21.5 MB 
7.62 6 880. 1.4 21.8 14.57 700% 0.46 21.1 — —  
10.16 2 647° 3.5 21.3 — 425% 0.58 21.1 — —  
5% slurry H = 39.8 cm 
6.35 6 1094 0.80 21.9 10.35 1058% 0.42 22.0 mm s 
7.62 2 1156% 2.4 21.9 — — —  mm — mm mm 
10.16 3 764° 4.8 22.0 — —  — — 
10% slurry H = 39.3 cm 
6.35 2 — — — — — — — — 806% 0.30 21.0 mm 
7.62 3 1156^ 3.9 21.2 700% 0.42 21.0 mm 
10.16 6 422 1.42 21.2 7.09 427 0.68 21.0 3.43 
^Not suspended, maximum speed 
^Not suspended, air drawn into impeller. 
^Questionable data not included in analysis. 
Table BIO. Suspension of potato starch in water (SLSS0020) 
dp = 23.90 pm = 1.77 g/cm^ 
M = 0.893 cp p = 0.9971 g/ml 
T = 21.4 cm 
D 
cm 
T/C 60n 
rpm 
Fully baffled 
Temp. 
in-lb *C 
P 
watts 
60n 
rpm 
Unbaffled 
T^ Temp. 
in-lb *C 
P 
watts 
Marine propeller 
2% slurry H = 21. 5 cm 
6.35 2 544 0.02 22.0 0.13 814 0.08 23.0 — — 
7.62 3 466 0.06 22.0 0.33 617 0.06 23.0 0.44 
10.16 6 210 0.06 22.1 0.15 270 0.06 23.0 0.19 
5% slurry H = 21. 8 cm 
6.35 3 543 0.04 22.9 0.26 902 0.08 22.9 0.85 
7.62 6 386 0.06 22.9 0.27 467 0.06 22.9 0.33 
10.16 2 310 0.16 23.0 0.59 426 0.18 22.9 0.91 
10% slurry H = 21. 4 cm 
6.35 6 416 0.06 22.5 0.30 581 0.02 22.9 0.14 
7.62 2 543 0.10 22.5 0.64 655* 0.10 22.9 — — 
10.16 3 310 0. 16 22.7 0.59 369 0.10 22.9 0.44 
Pitched blade turbine 
2% slurry H = 21. 5 cm 
6.35 2 581 0.18 23.2 1.24 616* 0.12 23.0 — — 
7.62 3 309 0.14 23.1 0.51 385 0.12 23.0 0.55 
10.16 6 171 0.20 23.2 0.40 230 0.10 23.0 0.27 
5% slurry H = 21.8 cm 
6.35 3 466 0.12 22.6 0.66 631 0.08 22.7 0.60 
7.62 6 271 0.10 22.6 0.32 350 0.06 22.7 0.25 
10.16 2 310 0.60 22.6 2.20 270 0.16 22.7 0.51 
10% slurry H = 21.4 cm 
6.35 6 387 0.18 22.4 0.82 428 0.08 22.8 0.40 
7.62 2 505 0.36 22.3 2.15 416^ 0.10 22.7 
10.16 3 230 0.30 22.5 0.82 231 0.16 22.8 0.44 
Straight blade turbine 
2% slurry H = 21.5 cm 
6.35 2 858 0.64 23.0 6.50 544 0.08 23.1 0.51 
7.62 3 464 0.54 22.5 2.96 349 0.10 23.1 0.41 
10.16 6 153 0.22 23.1 0.40 230 0.10 23.1 0.27 
5% slurry H = 21.8 cm 
6.35 3 655 0.40 23.0 3.10 544 0.10 22.9 0.64 
7.62 6 349 0.28 23.0 1.16 310 0.10 22.9 0.37 
10.16 2 347 1.26 23.0 5.17 231 0.10 22.9 0.27 
10% slurry H = 21.4 cm 
6.35 6 503 0.28 22.4 1.67 417^ 0.14 22.9 0.69 
7.62 2 689 1.10 22.4 8.96 390^ 0.14 22.9 
10.16 3 269 0.70 22.5 2.23 231% 0.18 22.9 — — 
^Not suspended, air drawn into impeller. 
^Questionable data not included in analysis. 
Table Bll. Suspension of potato starch in water (SLSS0021) 
dp = 23.90 ym = 1.77 g/cm^ 
VI = 0.893 cp 
T = 28.8 cm 
p = 0.9971 g/ml 
D 
cm 
T/C 
Fully baffled 
6 On Temp. 
rpm in-lb °C 
P 
watts 
Unbaffled 
60n T Temp. P 
n 
rpm in-lb ®C watts 
Marine propeller 
2%. slurry H = 28. 8 cm 
6.35 3 655 0.06 23.0 0.46 1160® 0.16 22.0 
7.62 6 505 0.06 23.0 0.36 694. 0.08 22.0 0.66 
10.16 2 348 0.20 23.0 0.82 504b 0.22 22.0 — —  
5% slurry H = 29. 3 cm 
6.35 6 655 0.06 22.0 0.46 1144. 0.14 22.7 1.89 
7.62 2 776 0.20 21.9 1.84 876^ 0.18 22.7 
10.16 3 347 0.18 22.0 0.74 579 0.24 22.7 1.64 
10% slurry H = 28. 8 cm 
6.35 2 822 0.16 22.8 1.56 996% 0.12 22.6 — —  
7.62 3 619 0.12 22.8 0.89 960° 0.20 22.6 — —  
10.16 6 309 0.18 22.8 0.66 385 0.16 22.7 0.73 
Pitched blade turbine 
2% slurry H = 28. 8 cm 
6.35 3 655 0.20 23.0 1.55 780^ 0.16 22.1 — —  
7.62 6 310 0.18 23.0 0.66 387. 0.12 22.2 0.55 
10.16 2 422 0.96 23.0 4.79 347° 0.24 22.2 — —  
5% slurry H = 29.3 cm 
6.35 6 577 0.18 21.7 1.23 804, 0.20 22.7 1.90 
7.62 2 690 0.56 21.6 4.57 511^ 0.16 22.7 
10.16 3 345 0.60 21.8 2.45 385 0.34 22.7 1.55 
10% slurry H = 28.8 cm 
6.35 2 998 0.40 22.8 4.72 736% 0.18 22.7 
7.62 3 505 0.38 22.7 2.27 615% 0.24 22.7 
10.16 6 192 0.24 22.8 0.54 261 0.22 22.6 0.68 
Straight blade turbine 
2% slurry H = 28.8 cm 
6.35 3 1090 1.10 22.8 14.18 693% 0.20 22.1 
7.62 6 424 0.40 22.5 2.01 465 0.22 22.1 1.21 
10.16 2 505 2.50 23.0 14.94 349 0.36 22.1 1.49 
5% slurry H = 29.3 cm 
6.35 6 690 0.40 22.4 3.27 768. 0.24 22.7 2.18 
7.62 2 1018 2.0 22.2 24.08 464% 0.20 22.8 — — 
10.16 3 455 2.0 22.5 10.76 345 0.36 22.7 1.47 
10% slurry H = 28.8 cm 
6.35 2 1160^ 1.10 22.7 — — 659% 0.20 22.7 
7.62 3 778 1.5 22.6 13.80 580% 0.36 22.7 — 
10.16 6 267 0.64 22.8 2.02 270 0.22 22.7 0.70 
^Not suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
Table B12. Suspension of potato starch in water (SLSS0023) 
d = 23.90 ym p = 1.77 g/cm^ 
P ® 
y = 0.893 cp p =0.9971 g/ml 
T = 39.3 cm 
Fully baffled Unbaffled 
D y T/C 6On Temp. P 6On T^ Temp. P 
cm rpm in-lb "C watts rpm in-lb ®C watts 
Marine propeller 
2% slurry H = 39.3 cm 
6.35 6 776 0.10 25.1 0.92 1162^ 0.20 25.8 —  —  
7.62 2 808 0.18 25.1 1.72 1162* 0.26 26.0 
10.16 3 346 0.16 25.1 0.65 774 0.50 25.7 4.58 
5% slurry H = 39.6 cm 
6.35 2 1162^ 0.08 25.2 — — 1158* 0.18 25.2 — —  
7.62 3 718 0.08 25.1 0.68 1162* 0.22 25.3 
10.16 6 348 0.06 25.2 0.25 541 0.10 25.3 0.64 
10% slurry H = 39.3 cm 
6.35 3 920 0.16 24.6 1.74 1160* 0.20 25.0 —  —  
7.62 6 594 0.08 24.5 0.56 594 0.06 25.0 0.42 
10.16 2 476 0.22 24.5 1.24 614° 0.28 25.0 —  —  
Pitched blade turbine 
2% slurry H = 39.3 cm 
6.35 6 670* 0.20 25.0 1.58 842. 0.20 25.1 1.99 
7.62 2 1160* 1.4 25.0 — 615% 0.24 25.1 — —  
10.16 3 345 0.60 25.1 2.45 502° 0.60 25.0 —  —  
5% slurry H = 39.6 cm . 
6.35 2 1158^ 0.54 25.1 —  —  868° 0.20 25.0 mm mm 
7.62 3 501 0.34 25.1 2.02 736% 0.40 25.0 — 
10.16 6 230 0.36 25.1 0.98 388 0.40 25.0 1.84 
10% Slurry H = 39.3 cm 
6.35 3 890 0.36 25.0 3.79 988% 0.28 25.1 M mm 
7.62 6 464 0.30 25.0 1.65 515. 0.22 25.1 1.34 
10.16 2 672 2.2 24.6 17.49 423% 0.50 25.0 
Straight blade turbine 
2% slurry H = 39.3 cm 
6.35 6 800 = 0.50 25.1 4.73 990. 0.42 25.2 4.92 
7.62 2 1150^ 2.6 25.1 — —  576% 0.34 25.4 —  —  
10.16 3 575° 3.0 25.0 —  —  425 0.62 25.1 3.12 
5% slurry H = 39.6 cm 
6.35 2 1160 = 1.2 25.2 — —  770% 0.20 25.0 — — 
7.62 3 1148^ 3.0 25.2 —  —  692% 0.44 25.1 —  —  
10.16 6 346 1.00 25.2 4.09 387 0.50 25.0 2.29 
10% slurry H = 39.3 cm 
6.35 3 1182^ 1.30 24.5 896% 0.40 25.1 
7.62 6 591 0.62 24.5 4.33 740. 0.54 25.1 4.73 
10.16 2 726° 5.2 24.7 —  —  385% 0.42 25.1 
^ot suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
^Questionable data not included in analysis. 
Table B13. Suspension of potato starch in 26% NaCl solution (SLSS0019) 
d = 23.90 ym p_ = 1.77 g/cm^ p s 
y = 1.84 cp p = 1,2006 g/ml 
T = 21.4 cm 
Fully baffled Unbaffled 
D T/C 60n Tn Temp. P 60n Tn Temp. P 
cm rpm in-lb °C watts rpm in-lb *C watts 
Marine propeller 
2% slurry H = 21. 5 cm 
6.35 6 310 0.02 25.0 0.07 510 0.06 23.3 0.36 
7.62 2 386 0.04 25.0 0.18 493 0.08 23.3 0.47 
10.16 3 270 0.10 25.0 0.32 262 0.12 23,3 0.37 
-
5% slurry H = 21. 7 cm 
6.35 6 427 0.04 22.1 0.20 465 0.06 23.0 0.33 
7.62 2 427 0.08 23.0 0.40 577 0.10 23.0 0.68 
10.16 3 268 0.14 22.1 0.44 309 0.08 23.0 0.29 
10% slurry H = 21. 4 cm 
6.35 2 620 0.06 23.5 0.44 740 0.06 23.0 0.52 
7.62 3 388 0.06 24.0 0.28 545 0.08 23.2 0.52 
10.16 6 250 0.10 23.8 0.30 270 0.06 23.1 0.19 
Pitched blade turbine 
2% slurry H = 21. 5 cm 
6.35 6 266 0.08 24.9 0.25 350 0.04 24.1 0,16 
7.62 2 386 0.26 24.8 1.19 310 0.12 23.9 0.44 
10.16 3 190 0.24 24.9 0.54 172 0.06 24.0 0.12 
5% slurry H = 21.7 cm 
6.35 6 309 0.10 23.0 0.36 369 0.06 23.0 0.26 
7.62 2 465 0.18 23.0 0.99 348 0.10 23.0 0.41 
10.16 3 210 0.30 23.0 0.74 191 0.12 23.0 0.27 
10% slurry H = 21.4 cm 
6.35 2 580 0.18 23.6 1.24 582 0.16 22.5 1.10 
7.62 3 270 0.24 23.9 0.77 349 0.10 22.9 0.41 
10.16 6 191 0.22 23.7 0.50 194 0.12 22.8 0.28 
Straight blade turbine 
2% slurry H = 21.5 cm 
6.35 6 310 0.08 24.7 0.29 310 0.08 23.8 0.29 
7.62 2 506 0.76 24.3 4.54 310 0.12 23.9 0.44 
10.16 3 230 0.70 24.5 1.90 172 0.16 23.9 0.32 
5% slurry H = 21.7 cm 
6.35 6 347 0.18 22.9 0.74 310 0.08 23.0 0.29 
7.62 2 501 0.70 22.7 4.15 309 0.14 23.0 0.51 
10.16 3 218 0.80 23.0 2.06 191 0.18 23.0 0.41 
10% slurry H = 21.4 cm 
6.35 2 690 0.58 24.3 4.73 465 0.12 23.0 0.66 
7.62 3 390 0.42 24.6 1.94 310 0.10 22.3 0.37 
10.16 6 191 0.40 24.3 0.90 231 0.20 23.0 0.55 
Table B14. Suspension of potato starch in 26% NaCl solution (SLSS0022) 
dp = 23.90 ym = 1.77 g/cm^ 
y = 1.83 cp p =1.1992 g/ml 
T = 28.8 cm 
Fully baffled Unbaffled 
D T/C 6On Temp. P 60n T^ Temp, P 
cm rpm in-lb ®C watts rpm in-lb °C watts 
Marine propeller 
2% slurry H = 29.0 cm 
6.35 3 692 0.06 22.8 0.49 998 0.10 25.0 1.18 
7.62 6 465 0.08 22.9 0.44 541 0.08 25.1 0.51 
10.16 2 309 0.20 22.8 0.73 503 0.26 25.0 1.55 
5% slurry H = 29.6 cm 
6.35 2 633 0.10 25.1 0.75 1162^ 0.10 25.1 — — 
7.62 3 466 0.14 25.1 0.77 804 0.16 25.1 1.52 
10.16 6 270 0.18 25.1 0.57 309 0.06 25.1 0.22 
10% slurry H = 28.8 cm 
6.35 3 740 0.08 26.7 0.70 1164 0.20 27.0 2.75 
7.62 6 465 0.06 26.9 0.33 670. 0.12 27.0 0.95 
10.16 2 427 0.28 26.4 1.41 504% 0.30 27.0 — — 
Pitched blade turbine 
2% slurry H = 29.0 cm 
6.35 3 541 0.20 23.5 1.28 740 0.20 24.5 1.75 
7.62 6 309 0.20 23.9 0.73 308 0.10 24.8 0.36 
10.16 2 385 1.00 23.9 4.55 346 0.36 24.8 1.47 
5% slurry H = 29.6 cm 
6.35 2 804 0.32 25.5 3.04 736^ 0.18 25.1 
7.62 3 386 0.30 25.3 1.37 504 0.22 25.1 1.31 
10.16 6 194 0.28 25.5 0.64 230 0.18 25.1 0.49 
10% slurry H = 28.8 cm 
6.35 3 593 0.22 26.9 1.54 864^ 0.24 27.0 mm mm 
7.62 6 375 0.26 26.9 1.15 387. 0.20 27.0 0.92 
10.16 2 497 1.60 26.9 9.41 355b 0.40 27.0 
Straight blade turbine 
2% slurry H = 29.0 cm 
6.35 3 958 1.00 23.1 11.33 690 0.24 24.0 1.95 
7.62 6 386 0.40 23.2 1.83 348 0.20 24.3 0.82 
10.16 2 441 2.2 23.2 11.48 308 0.36 24.1 1.31 
5% slurry H = 29.6 cm 
6.35 2 1160% 1.30 25.1 — — 617b 0.20 25.1 — B 
7.62 3 645 1.20 25.1 9.16 505 0.28 25.1 1.67 
10.16 6 209 0.46 25.2 1.14 223 0.20 25.1 0.53 
10% slurry H = 28.8 cm 
6.35 3 958 1.00 26.9 11.33 738^ 0.30 27.0 — — 
7.62 6 389 0.40 26.9 1.84 386. 0.20 27.0 0.91 
10.16 2 585° 3.80 26.9 — — 315b 0.40 27.0 — — 
^ot suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
^^Questionable data not included in analysis. 
Table B15. Suspension of potato starch in 26% NaCl solution (SLSS0018) 
d = 23.90 ym p = 1.77 g/cm^ 
P ® 
M = 1.80 cp p = 1.1887 g/ml 
T =39.3 cm 
D 
cm 
T/C 
Fully baffled 
60n Temp. P 
rpm in-lb °C watts 
Unbaffled 
60n T Temp. P 
n 
rpm in-lb ®C watts 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
2 
3 
6 
3 
6 
2 
6 
2 
3 
2 
3 
6 
1120' 
581 
307 
1098 
637 
463 
844 
844 
455 
1086 
465 
190 
Marine propeller 
2% slurry H = 39.8 cm 
0 . 2 2  
0.18 
0 . 2 0  
23.3 
23.5 
23.5 
5% slurry 
0 . 2 0  
0.18 
0 . 2 8  
22.8 
22.9 
23.0 
10% slurry 
0.18 23.1 
0.26 23.1 
0.30 23.1 
1.24 
0.73 
1164 
1164* 
447 
H = 40.3 cm 
2.60 
1.36 
1.53 
1162'-
692, 
655^ 
H = 39.3 cm 
1.80 
2.60 
1.61 
1164; 
1162* 
740 
Pitched blade turbine 
2% slurry H = 39.8 cm 
0.53 
0.38 
0.30 
23.3 
23.3 
23.3 
6.81 
2.09 
0.67 
924 
802^ 
270 
0 . 2 0  
0.32 
0 . 2 0  
0.20 
0.16 
0.42 
0.22 
0.40 
0.50 
0.30 
0 . 6 0  
0 . 2 8  
2 2 . 8  
2 2 . 8  
2 2 . 8  
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
23.1 
23.1 
23.1 
1.16 
1.31 
4.38 
0.89 
5% slurry H = 40.3 cm 
6.35 3 1000 0.54 23.0 6.39 1120® 0.46 23.0 
7.62 6 425 0.36 23.0 1.81 580„ 0.40 23.0 2.74 
10.16 2 610 2.2 23.0 15.88 500° 0.70 23.0 
10% slurry H = 39.3 cm 
6.35 6 738 0.36 23.0 3.14 1160% 0.58 23.0 m»mm 
7.62 2 920 1.1 23.0 11.97 654° 0.40 23.0 mm wm 
10.16 3 420 1.16 23.0 5.76 539° 0.86 23.0 — —  
Straight blade turbine 
2% slurry H = 39.8 cm 
6.35 2 1162^ 1.3 23.2 •— — 776° 0.36 22.9 mm mm 
7.62 3 700 1.3 23.2 10.76 694° 0.58 23.0 —• •— 
10.16 6 268 0.70 23.2 2.22 500 1.00 23.0 5.91 
5% slurry H = 40.3 cm 
6.35 3 1160^ 1.5 23.0 960° 0.54 23.0 
7.62 6 615 0.9 23.0 6.55 736 0.64 23.0 5.57 
10.16 2 764 6.7 23.0 420° 0.64 23.0 
10% slurry H = 39.3 cm 
6.35 6 922 0.9 23.1 9.82 1060° 0.60 23.0 mm 
7.62 2 1158^ 3.1 23.2 —  —  615° 0.46 23.0 — " 
10.16 3 611 4.0 23.2 28.91 504 1.00 23.0 5.96 
^Questionable data not included in analysis, 
^Not suspended, maximum speed. 
°Not suspended, air drawn into impeller. 
Table B16. Suspension of potato starch in 65% by volume ethanol solution (SLSS0029) 
d = 23.90 ym p = 1.77 g/cm^ 
P S 
y = 2.01 cp P = 0.8876 g/ml 
T = 21.4 cm 
Fully baffled Unbaffled 
D T/C 60n Temp. P 60n T^ Temp. P 
cm rpm in-lb "C watts rpm in-lb ®C watts 
Marine propeller 
2% slurry H = 21.4 cm 
6.35 6 694 0.02 21.4 0.16 740. 0.04 22.1 0.35 
7.62 2 778 0.18 21.9 1.66 619^ 0.08 22.1 — — 
10.16 3 396 0.16 21.6 0.75 429 0.14 22.1 0.71 
5% slurry H = 21.7 cm 
6.35 2 1172^ 0.12 22.4 — — 782* 0.08 21.0 
7.62 3 693 0.02 22.6 0.16 780* 0.16 21.3 
10.16 6 476 0.20 22.0 1.13 426 0.08 21.6 0.40 
10% slurry H = %1.4 cm 
6.35 3 832 0.08 22.5 0.79 924* 0.02 22.8 — — 
7.62 6 591 0.06 22.2 0.42 656, 0.02 22.8 0.16 
10.16 2 630 0.30 22.1 2.24 425* 0.14 22.7 — — 
Pitched blade turbine 
2% slurry H = 21.4 cm 
6.35 6 468 0.08 22.1 0.44 505= 0.04 22.1 0.24 
7.62 2 580 0.38 22.2 2.61 506* 0.16 22.1 — — 
10.16 3 310 0.38 22.1 1.39 310 0.20 22.1 0.73 
5% slurry H = 21.7 cm 
6.35 2 1160^ 0.44 23.3 — — 670* 0.12 21.1 
7.62 3 515 0.20 23.3 1.22 516 0.18 21.2 1.10 
10.16 6 270 0.30 23.2 0.96 238 0.10 21.1 0.28 
10% slurry H = 21.4 cm 
6.35 3 740 0.18 22.1 1.58 740* 0.10 22.7 w mm 
7.62 6 387 0.10 22.0 0.46 426 = 0.06 22.7 0.30 
10.16 2 511 1.22 22.0 7.38 310* 0.16 22.5 
Straight blade turbine 
2% slurry H = 21.4 cm 
6.35 6 544 0.22 22.0 1.42 583 0.12 22.2 0.83 
7.62 2 760 1.10 22.0 9.89 425* 0.12 22.1 — — 
10.16 3 350 1.00 22.0 4.14 310 0.22 22.1 0.81 
5% slurry H = 21.7 cm 
6.35 2 1160^ 0.96 23.0 — — 555* 0.14 21.5 mm — 
7.62 3 718° 0.90 23.1 — — 477 0.18 21.6 1.02 
10.16 6 231 0.36 22.9 0.98 231 0.16 21.5 0.44 
10% slurry H = 21.4 cm 
6.35 3 920 0.66 21.8 7.18 619* 0.10 22.8 — — 
7.62 6 466, 0.38 21.6 2.09 425 0.08 22.8 0.40 
10.16 2 465° 1.8 21.6 — — 309 0.22 22.9 0.80 
^Not suspended, air drawn into impeller. 
D 
*Not suspended, maximum speed. 
^Questionable data not included in analysis. 
^Not suspended, splash over. 
Table B17. Suspension of potato starch in 65% by volume ethanol solution (SLSS0028) 
d = 23.90 ym p = 1.77 g/cm^ p s 
y = 1.89 cp p = 0.8923 g/ml 
T = 28.8 cm 
D 
cm 
T/C 60n 
rpm 
Fully baffled 
Temp. 
in-lb *C 
P 
watts 
6 On 
rpm 
Unbaffled 
T^ Temp. 
in-lb »C 
P 
watts 
Marine propeller 
2% slurry H = 28. 8 cm 
6.35 2 1164^ 0.18 22.9 — — 1164^ 0.08 21.0 — —  
7.62 3 816 0.12 23.0 1.16 872° 0.14 21.1 —  —  
10.16 6 389 0.10 22.9 0.46 555 0.20 21.1 1.31 
5% slurry H = 29. 3 cm 
6.35 3 1098 0.10 23.8 1.30 1096^ 0.04 23.2 —  —  
7.62 6 814 0.16 23.8 1.54 902 0.10 23.3 1.07 
10.16 2 579 0.28 23.8 1.92 506% 0.14 24.0 
10% slurry H = 28. 8 cm 
6.35 2 1160^ 0.18 22.0 — — 944% 0.06 21.3 — —  
7.62 3 1092 0.20 22.0 2.58 922° 0.16 21.3 —  —  
10.16 6 465 0.18 22.0 0.99 503 0.16 21.2 0.95 
Pitched blade turbine 
2% slurry H = 28. 8 cm 
6.35 2 1160® 0.42 22.3 —  —  736% 0.10 21.1 — —  
7.62 3 668 0.44 22.7 3.48 678° 0.22 21.3 — — 
10.16 6 310 0.50 22.5 1.83 386 0.30 21.2 1.37 
5% slurry H = 29.3 cm 
6.35 3 1096 0.40 23.6 5.19 840^ 0.16 23.3 mm MB 
7.62 6 505 0.26 23.7 1.55 578. 0.18 23.3 1.23 
10.16 2 620 2.7 23.1 19.80 355b 0.22 23.3 — —  
10% slurry H = 28.8 cm 
6.35 2 1160^ 0.42 21.9 mm 758% 0.10 21.1 
7.62 3 764 0.60 21.8 5.42 667b 0.22 21.1 — — 
10.16 6 306 0.42 21.4 1.52 385 0.26 21.1 1.18 
Straight blade turbine 
2% slurry H = 28.8 cm 
6.35 2 1160^ 1.00 21.5 — — 630^ 0.16 21.1 
7.62 3 1088 2.5 22.3 32.18 578 0.24 21.1 1.64 
10.16 6 306 0.72 21.8 2.61 395 0.40 21.1 1.87 
5% slurry H = 29.3 cm 
6.35 3 1158^ 1.10 2 1 . 0  — — 738^ 0.18 23.3 — — 
7.62 6 780 1.08 24.0 9.96 667. 0.30 23.3 2.37 
10.16 2 686 4.0 24.0 32.46 306^ 0.22 23.3 — —  
10% slurry H = 28.8 cm 
6.35 2 1160^ 1.00 22.5 — — 615% 0.10 21.1 — — 
7.62 3 1112 2.5 22.5 32.89 580° 0.28 21.1 — — 
10.16 6 384 1.16 22.1 5.27 386 0.40 21.1 1.83 
^Not suspended, maximum speed. 
^Not suspended, air drawn into impeller. 
Table Bl8. Suspension of potato starch in 65% by volume ethanol solution (SLSS0030) 
d = 23.90 ym p = 1.77 g/cm^ 
P ® 
p = 2.01 cp p =0.8896 g/ml 
T = 39.3 cm 
D 
cm 
T/C 6 On 
rpm 
Fully baffled 
T Temp. P 
n 
in-lb *C watts 
Unbaffled 
60n 
rpm 
n 
in-lb 
Temp. 
°C 
P 
watts 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
6.35 
7.62 
10.16 
3 
6 
2 
6 
2 
3 
6 
2 
3 
3 
6 
2 
1160' 
1058 
860 
1160' 
1160' 
768 
1160" 
1158^ 
856 
1160' 
654 
844 
Marine propeller 
2% slurry H = 39.3 cm 
0.12 
0.22 
0.64 
20.7 
20.9 
2 0 . 8  
5% slurry 
0.12 
0.24 
0.56 
2 0 . 6  
2 0 . 8  
2 0 . 8  
10% slurry 
0.18 
0 . 2 6  
0 . 6 6  
22.0 
22.0 
22.0 
2.75 
6.51 
1160! 
1160: 
614* 
H = 39.6 cm 
5.09 
1180' 
1160; 
734* 
H = 39.3 cm 
6.64 
Pitched blade turbine 
2% slurry H = 39.3 cm 
0.46 
0.48 
3.1 
21.4 
21.8 
21.8 
3.71 
30.95 
1086 
740. 
424* 
0.14 
0.24 
0.24 
0.06 
0.10 
0.40 
0.28 
0.16 
0.44 
21.6 
21.6 
21.6 
21.6 
21.6 
21.6 
21.8 
21.8 
21.8 
1.40 
5% slurry H = 39.6 cm 
6.35 6 1160® 0.50 21.0 — —  1158® 0.34 21.7 " — 
7.62 2 1160® 1.30 21.0 —  —  666° 0.28 21.7 mmmm 
10.16 3 596 1.6 21.0 11.28 500% 0.58 21.6 — —  
10% slurry H = 39.3 cm 
6.35 6 1160® 0.50 22.0 "  M  mm mm mm M M  
7.62 2 1156® 1.3 22.0 — — — — — — — — — —-
10.16 3 615 1.8 21.2 13.10 — — — — 
Straight blade turbine 
2% slurry H = 39.3 cm 
6.35 3 1162® 1.02 21.0 884% 0.30 21.8 
7.62 6 856, 1.3 21.4 13.16 800. 0.58 21.8 — — 
10.16 2 930^ 7.0 21.2 —  —  385% 0.46 21.8 
5% slurry H = 39.6 cm 
6.35 6 1156® 1.00 20.8 1050% 0.42 21.6 — — 
7.62 2 1150 2.6 20.9 —  —  627% 0.36 21.5 — 
10.16 3 800 5.5 21.0 52.05 461% 0.68 21.5 — — 
10% slurry H = 39.3 cm 
6.35 6 1156® 1.00 21.9 — —  —- — — • mm — 
7.62 2 1150® 2.5 21.9 — — — — — — — — 
10.16 3 838 6.0 21.9 59.08 
®Not suspended/ maximum speed. 
^Not suspended, air drawn into impeller. 
172 
APPENDIX C. DATA FOR BLEND TIME 
IN STARCH PASTES 
Table Cl. Mixing 1% starch pastes by straight blade turbines in fully baffled 
vessels 
D T/C 60n 0 Temp. n0 P 
cm rpm sec in-lb °C watts ^ 
T = 21.4 cm H = 21.4 cm p = 1.008 g/ml 
2 590 3.50 0.34 20.1 34 2.37 2.40 
748 4.75 0.50 20.1 59 4.42 2.19 
806 3.00 0.58 20.1 40 5.53 2.19 
904 2.75^ 0.76 20.1 41 8.13 2.28 
1142 1.75* 1.1 20.1 — — — — — — 
3 576 6.25 0.40 20.3 60 2.72 2.96 
744 3.75 0.58 20.3 46 5.10 2.57 
798 6.25 0.66 20.3 83 6.23 2.54 
916 4.25 0.84 20.3 65 9.10 2.46 
1018 4.75 1.04 20.3 80 12.52 2.46 
1146 2.50 1.3 20.3 48 17.62 2.43 
6 577 8.75 0.34 20.1 84 2.32 2.51 
750 5.00 0.46 20.1 62 4.08 2.00 
818 7.50 0.58 20.1 102 5.61 2.13 
1008 6.00 0.78 20.1 101 9.30 1.88 
1138 4.75 1.10 20.1 90 14.81 2.08 
2 378 2.50 0.40 20.0 16 1.79 2.76 
497 1.50 0.60 20.0 12 3.53 2.40 
620 1.50 0.84 20.0 16 6.16 2.16 
732 1.50 1.2 20.0 18 10.39 2.21 
786 a 1.3 20.0 — — — — — — 
3 387 4.50 0.42 20.1 29 1.92 2.77 
506 2.25 0.62 20.1 19 3.71 2.39 
622 1.50 0.94 20.1 16 6.92 2.40 
722 2.00 1.3 20.1 24 11.10 2.46 
784 1.50 1.5 20.1 20 13.91 2.41 
^Questionable data not used in analysis. 
Table Cl (Continued) 
D T/C 60n 0 
cm rpm sec 
10.16 2 
3 
6 
T = 
6.35 2 
392 4.50 
501 3.50 
615 2.00 
742 2.00 
798 1.50 
192 4.00 
270 0.75 
310 a 
375 1.25 
193 5.75 
270 1.50 
309 —a 
386 1.00 
192 6.25 
265 3.50 
308 3.25 
346 1.75 
384 2.25 
28.8 cm 
734 10.00 
792 7.50 
916 9.75 
1018 6.75 
1142 4.50 
722 9.50 
808 7.50 
914 9.50 
1016 6.25 
1144 6.50 
Temp. n0 P N 
in-lb ®C watts ° 
0.36 20.0 29 1.67 2.31 
0.56 20.0 29 3.32 2.20 
0.80 20.0 20 5.82 2.09 
1.2 20.0 — —  —  —  — '  —  
1.3 20.0 —  —  —  —  " — 
0.40 20.1 13 0.91 2.54 
0.78 20.1 — —  — — 
0.96 20.1 —  —  — —  — —  
1.5 20.1 —  —  —  —  
0.40 20.1 18 0.91 2.51 
0.72 20.1 — —  —  — —• — 
0.94 20.1 — —  —  —  — — 
1.5 20.1 —  —  —  —  — — 
0.40 20.1 20 0.91 2.54 
0.70 20.1 15 2.19 2.33 
0.88 20.1 17 3.21 2.17 
1.1 20.1 10 4.50 2.15 
1.4 20.1 14 6.36 2.22 
29.0 cm p = 1.002 g/ml 
0.48 20.0 122 4.17 2.20 
0.58 20.0 99 5.43 2.28 
0.72 20.0 149 7.80 2.12 
0.84 20.0 114 10.12 2.00 
1.10 20.0 86 14.86 2.08 
0.56 20.0 114 4.78 2.65 
0.64 20.0 101 6.12 2.42 
0.82 20.0 145 8.87 2.42 
1.00 20.0 106 12.02 2.39 
1.3 20.0 124 17.59 2.45 
Table Cl (Continued) 
D T/C 60n 0 
cm rpra sec in-lb 
6 730 11.25 0.46 
784 9.50 0.58 
916 8.25 0.70 
1018 11.25 0.84 
1140 4.75 1.04 
2 500 5.00 0.56 
619 4.00 0.84 
738 6.00 1.1 
908 a 1.7 
1138 a 2.6 
3 515 5.75 0.64 
626 5.00 0.90 
700 4.25 1.2 
912 3.25^ 2.0 
1160 2.50* 3.0 
6 518 7.50* 0.60 
614 6.75 0.82 
722 4.25 1.16 
912 4.25 1.7 
1162 4.25 2.6 
2 194 9.25 0.40 
270 6.00 0.70 
308 8.25 0.90 
347 4.75 1.2 
378 3.75 1.5 
3 189 11.00 0.40 
271 7.75 0.74 
309 5.75 1.0 
346 5.50 1.2 
384 5.25 1.4 
Temp. n0 P N 
P( 
®C watts 
20.0 137 3.97 2.13 
20.0 124 5.38 2.33 
20.0 126 7.58 2.06 
20.0 191 10.12 2.00 
20.0 90 14.02 1.98 
20.2 42 3.31 2.22 
20.5 41 6.15 2.18 
20.3 74 9.60 2.00 
20.3 — — 
20.3 —  —  — — 
20.1 49 3.90 2.40 
20.1 52 6.66 2.28 
20.1 50 9.94 2.43 
20.1 49 21.58 2.39 
20.1 — — —  
20.2 — — — —  —  
20.2 69 5.96 2.16 
20.2 51 9.91 2.21 
20.2 65 18.34 . 2.03 
20.2 82 35.74 1.91 
20.1 30 0.92 2.50 
20.1 27 2.24 2.26 
20.1 42 3.28 2.23 
20.1 27 4.93 2.35 
20.1 24 6.71 2.47 
20.1 35 0.89 2.64 
20.1 35 2.37 2.37 
20.1 30 3.66 2.47 
20.1 32 4.91 2.36 
20.1 34 6.36 2.24 
Table Cl (Continued) 
D T/C 60n 0 
cm rpm sec 
6 191 13.00 
265 7.75 
308 7.50 
347 5.75 
385 5.25 
T = 39.3 ciu 
742 22. 25 
800 16. 75 
916 19. 50 
1020 6. 50 
1140 13. 75 
736 21. 25 
788 19. 75 
912 16. 75 
1016 14. 25 
1138 11. 75 
730 19. 25 
804 33. 75 
918 16. 00 
1018 21. 50 
1140 19. 50 
606 17. 75 
736 13. 75 
910 6. 50 
1018 8. 75 
1136 7. 00 
Tn 
in-lb 
Temp. 
"C 
ne P 
watts % 
0.38 20.1 41 0.86 2.45 
0.62 20.1 34 1.94 2.08 
0.80 20.1 38 2.91 1.99 
1.00 20.1 33 4.10 1.96 
1.3 20.1 34 5.92 2.06 
39.4 cm p = 1.004 g/ral 
0.42 19.1 275 3.69 1.88 
0.56 19.1 223 5.30 2.16 
0.68 19.1 298 7.37 2.00 
0.82 19.1 110 9.89 1.94 
1.00 19.1 261 13.49 1.90 
0.52 19.1 261 4.53 2.37 
0.80 19.1 259 7.46 3.18 
0.80 19.1 255 8.63 2.37 
0.96 19.1 2.41 11.54 2.29 
1.24 19.1 223 16.69 2.36 
0.46 19.1 —— — 
0.56 19.1 452 5.33 2.14 
0.70 19.1 245 7.60 2.05 
0.80 19.1 365 9.63 1.90 
1.06 19.1 370 14.30 2.01 
0.80 19.1 179 5.74 2.16 
1.1 19.1 169 9.58 2.01 
1.7 19.1 98 18.30 2.03 
2.2 19.1 148 26.49 2.10 
2.6 19.1 132 34.94 2.00 
Table Cl (Continued) 
D T/C 60n 0 Tn Temp. n0 P Mp 
cm rpm sec in-lb *C watts 
3 610 13.25 0.92 19.1 135 6.64 2.45 
708 10.75 1.2 19.1 127 10.05 2.37 
912 8.50 2.0 19.1 129 21.58 2.38 
1006 11.50 2.5 19.1 193 29.75 2.45 
1156 8.75 3.0 19.1 168 41.03 2.22 
6 610 16.50 0.82 19.1 168 5.92 2.18 
718 14.50 1.06 19.1 174 9.00 2.04 
908 13.75 1.6 19.1 208 17.19 1.92 
1004 9.75 2.0 19.1 163 23.75 1.96 
1160 8.75 2.6 19.1 169 35.68 1.94 
10.16 2 375 17.25 1.5 19.4 109 6.65 2.51 
486 10.00 2.3 19.4 81 13.22 2.29 
575 5.75 3.0 19.4 55 20.41 2.13 
690 a 4.3 19.4 — 
778 —a 5.8 19.3 — — — — — — 
3 373 10.00 1.4 19.3 62 6.18 2.36 
484 9.25 2.3 19.2 75 13.17 2.31 
566 7.25 3.0 19.2 68 20.09 2.20 
690 6.00 4.5 19.2 69 36.73 2.22 
778 4.75 5.3 19.3 62 48.78 2.06 
6 375 12.25 1.3 19.6 76 5.77 2.17 
494 10.25 2.0 19.5 84 11.69 1.93 
579 8.50 2.7 19.5 82 18.49 1.89 
677 5.75 3.8 19.5 65 30.43 1.95 
778 7.25 4.8 19.5 94 44.18 1.86 
Table C2. Mixing 2% starch pastes by 
vessels 
D T/C 6On 9 
cm rpm sec 
T = 21.4 cm H 
6.35 2 623 3.00 
720 2.50 
794 2.50 
932 2.75 
1140 1.50 
3 610 5.50 
722 3.75 
804 5.00 
910 2.25 
1140 1.50 
6 625 7.00 
720 4.75 
788 4.75 
930 3.-0 
1160 2.50 
7.62 2 392 5.25 
496 3.00 
621 2.50 
712 1.50 
778 1.75 
3 391 5.25 
511 3.75 
609 3.25 
704 2.00 
764 2.25 
6 396 7.00 
510 4.75 
626 4.00 
738 2.50 
straight blade turbines in fully baffled 
T Temp. n0 P N 
n ^ p 
in-lb "C watts 
21.4 cm p = 1.004 g/ml 
0.40 19.8 31 2.95 2.54 
0.48 19.8 30 4.09 2.28 
0.60 19.8 33 5.64 2.35 
0.74 19.8 43 8.16 2.10 
1.2 19.8 28 16.18 2.28 
0.40 19.6 56 2.89 2.65 
0.56 19.7 45 4.78 2.65 
0.60 19.6 67 5.71 2.29 
0.82 19.7 34 8.83 2.44 
1.3 19.7 28 17.53 2.46 
0.36 19.8 73 2.66 2.27 
0.46 19.9 57 3.92 2.19 
0.58 19.8 62 5.41 2.30 
0.70 19.8 46 7.70 2.00 
1.1 19.8 48 15.09 2.02 
0.38 19.4 34 1.76 2.45 
0.56 19.4 25 3.28 2.26 
0.80 19.4 26 5.88 2.06 
1.1 19.4 18 9.26 2.15 
1.3 19.4 23 11.96 2.13 
0.42 19.5 34 1.94 2.72 
0.64 19.5 32 3.87 2.43 
0.98 19.5 38 7.06 2.62 
1.2 19.5 23 9.99 2.40 
1.4 19.5 29 12.65 2.38 
0.36 19.6 46 1.69 2.27 
0.58 19.5 40 3.50 2.21 
0.82 19.5 42 6.07 2.07 
1.1 19.6 31 9.60 2.00 
Table C2 (Continued) 
D T/C 60n 0 
cm rpm sec in-lb 
764 2.00 1.3 
10.16 2 115 13.00^ 0.20 
195 8.50 0.42 
272 4.75 0.78 
306 3.50 0.98 
388 3.00 1.5 
3 115 19.00* 0.22 
193 7.50 0.42 
271 3.75 0.72 
305 4.25 0.96 
380 2.50 1.5 
6 114 26.oa 0.20 
191 10.50 0.38 
264 7.25 0.64 
310 5.25 0.86 
385 3.75 1.3 
T = 28.8 cm H = 27.9 cm 
6.35 2 726 10.25 0.48 
786 9.50 0.58 
940 10.25 0.70 
1040 5.25 0.88 
1164 9.75 1.10 
3 758 16.25 0.50 
808 6.75 0.60 
920 12.00 0.80 
1018 7.75 1.00 
1176 7.75 1.20 
^Questionable data not used in analysis. 
Temp. n0 P N 
o ®C watts 
19.6 25 11.75 2.21 
19.8 —- — — — — 
19.8 28 0.97 2.60 
19.8 22 2.51 2.48 
19.8 18 3.55 2.46 
19.8 19 6.88 2.34 
19.6 — — 
19c5 24 0.96 2.65 
19.5 17 2.31 2.30 
19.6 22 3.46 2.43 
19.5 16 6.74 2.44 
19.7 — — — — 
19.7 33 0.86 2.45 
19.8 32 2.00 2.16 
19.8 27 3.15 2.10 
19.8 24 5.92 2.06 
p = 1.005 g/ml 
22.0 124 4.12 2.24 
22.0 124 5.39 2.31 
22.0 160 7.78 1.95 
22.0 91 10.83 2.00 
22.0 189 15.15 2.00 
21.9 205 4.48 2.14 
21.9 91 5.74 2.26 
21.9 184 8.71 2.33 
21.9 131 12.04 2.38 
21.9 152 16.69 2.14 
Table C2 (Continued) 
D T/C 60n 0 T^ 
cm rpm sec in-lb 
6 684 14.75 0.42 
796 18.00 0.58 
920 11.00 0.70 
1018 13.25 0.88 
1172 10.00 1.08 
2 494 9.25 0.60 
606 6.75 0.82 
722 5.50 1.10 
924 3.75 1.8 
1136 —a 2.7 
3 515 10.75 0.60 
619 8.50 0.92 
716 7.75 1.20 
936 6.25 2.0 
1138 5.25 3.0 
6 505 13.50 0.56 
609 9.00 0.90 
720 8.25 1.04 
934 7.25 1.7 
1136 4.75 2.6 
2 185 9.25 0.40 
270 8.00 0.70 
375 3.50 1.5 
3 385 5.50 1.5 
485 4.25 2.3 
566 3.00 3.0 
678 a 4.4 
Temp. n0 P 
®C watts ° 
22.0 168 3.40 2.21 
22.0 239 5.46 2.25 
22.0 169 7.62 2.04 
22.0 225 10.60 2.09 
22.0 195 14.97 1.94 
22.0 68 5.88 2.21 
22.0 66 9.40 2.09 
22.0 58 19.68 2.09 
22.0 76 3.51 2.41 
22.0 — —  —  
21.9 92 3.66 2.24 
21.9 88 6.74 2.38 
21.9 93 10.16 2.32 
21.9 98 22.14 2.26 
21.9 100 40.39 2.29 
22.0 114 3.34 2.17 
22.0 91 6.48 2.40 
21.9 99 8.86 1.98 
22.0 113 18.78 1.93 
22.0 90 34.94 1.99 
22.0 28 0.88 2.74 
22.0 36 2.24 2.26 
22.0 22 6.65 2.50 
22.0 35 6.83 2.38 
22.0 34 13.20 2.30 
22.0 28 20.09 2.20 
22.0 — — — —  — — 
Table C2 (Continued) 
D T/C 60n e 
cm rpm sec 
6 385 5.50 
495 4.50 
567 3.75 
680 3.25 
776 —a 
T = 39.3 cm 
6.35 2 720 17.00' 
784 12.00" 
908 13.25' 
1018 13.25! 
1138 10.00' 
3 722 17.75 
798 16.25 
916 17.00 
1010 15.50 
1140 8.75 
6 720 22.75 
784 21.75 
914 15.50 
1016 13.50 
1140 13.75 
7.62 2 606 13.25 
708 14.50 
932 8.00 
1002 9.75 
1130 8.00 
T^ Temp. ne P 
in-lb "G watts 
1.24 22.0 35 5.65 1.96 
2.08 22.0 37 12.18 1.99 
2.7 22.0 35 18.11 1.97 
3.90 22.0 37 31.37 1.98 
4.8 22.0 . 
39.3 cm p = 1.008 g/ml 
0.48 19.0 
0.58 19.0 
0.70 19.0 
0.90 19.0 
1.10 19.0 
0.56 19.0 214 4.78 2.64 
0.60 19.0 216 5.66 2.31 
0.80 19.0 260 8.67 2.34 
0.94 19.0 261 11.23 2.26 
1.3 19.0 166 17.53 2.46 
0.50 19.0 273 4.26 2.37 
0.60 19.0 284 5.56 2.40 
0.76 19.0 236 8.22 2.23 
0.88 19.0 229 10.58 2.09 
1.16 19.0 261 15.64 2.19 
0.80 19.0 134 5.74 2.15 
1.06 19.0 171 8.88 2.09 
1.7 19.0 124 18.74 1.93 
2.1 19.0 163 24.89 2.06 
2.7 19.0 151 36.09 2.09 
Tiible C2 (Continued) 
D T/C 60n 0 Temp. n0 P 
cm rpm sec in-lb ®C watts 
3 610 18.25 0.90 18.9 186 6.49 2.39 
730 17.75 1.2 18.9 216 10.36 2.22 
906 10.75 1.9 18.9 162 20.36 2.28 
1016 7.00 2.3 18.9 118 27.64 2.20 
1136 7.50 3.0 18.9 142 40.32 2.29 
6 605 19.25 0.80 19.0 194 5.72 2.16 
720 14.00 1.02 19.0 168 8.69 1.94 
908 9.75 1.6 19.0 148 17.19 1.91 
1012 11.00 2.0 19.0 186 23.94 1.93 
1138 7.75 2.6 19.0 147 35.00 1.98 
2 385 15.00 1.4 18.6 96 6.38 2.21 
485 8.25 2.2 18.6 67 12.62 2.19 
567 6.00 3.0 18.5 57 20.12 2.18 
690 4.25^ 4.3 18.5 49 35.10 2.11 
778 4.25^ 5.3 18.7 — — — — — 
3 384 12.75 1.4 18.9 82 6.36 2.22 
475 12.25 2.3 18.8 97 12.92 2.39 
575 8.00 3.0 18.8 76 20.41 2.12 
689 4.75 4.2 18.8 54 34.23 2.07 
760 4.00 5.3 18.7 51 47.65 2.15 
6 385 21.00 1.26 18.2 135 5.74 1.99 
496 21.00 2.0 18.1 174 11.74 1.90 
570 19.25 2.7 18.0 183 18.21 1.94 
683 17.25 3.8 18.1 196 30.70 1.91 
780 9.75 4.8 18.3 127 44.29 1.85 
Table C3. Mixing 3% starch paste by straight blade turbines in fully baffled vessels 
D T/C 60n 0 Temp. n0 P 
rpm sec in-lb *C watts 
T = 21.4 cm H = 21.4 cm p => 1.015 g/ml 
2 611 5.25 0.38 20.0 53 2.75 2.48 
720 4.50 0.46 20.0 54 3.92 2.16 
786 5.25 0.58 20.0 69 5.39 2.29 
918 4.00 0.74 20.0 61 8.04 2.14 
1164 2.75= 1.2 20.0 53 16.52 2.16 
3 614 9.50® 0.40 20.0 — —  —  —  —  —  
744 9.25 0.56 20.0 115 4.93 2.47 
788 5.50 0.60 20.0 72 5.59 2.36 
916 3.75 0.80 20.0 57 8.67 2.32 
1142 3.25 1.3 20.0 62 17.56 2.43 
6 614 11.5a 0.36 20.0 — 
730 9.00* 0.44 20.0 — — — — 
814 7.25 0.56 20.0 98 5.39 2.06 
916 6.25 0.70 20.0 95 7.58 2.03 
1140 5.75 1.00 20.0 109 13.49 1.88 
2 509 5.25 0.60 19.9 44 3.61 2.27 
610 3.25 0.84 19.9 33 6.06 2.21 
730 3.25 1.1 20.0 . 40 9.50 2.02 
790 2.25 1.3 19.9 30 12.15 2.04 
918 1.25 1.8 19.9 19 19.55 2.09 
3 498 5.25 0.62 19.7 44 3.65 2.45 
621 6.00 0.96 19.8 62 7.05 2.44 
718 5.00 1.3 19.3 60 11.04 2.47 
786 2.75 1.5 19.8 36 13.95 2.38 
916 3.00 2.0 19.6 46 21.67 2.34 
^Questionable data not used in analysis. 
Table C3 (Continued) 
D T/C 60n 0 
cm rpm sec 
6 506 24.50 
615 10.75 
742 9.75 
780 12.00 
910 6.25 
10.16 2 185 9.00 
270 5.75 
310 3.75 
385 2.25 
460 1.50^ 
3 189 7.00 
271 5.25 
310 2.75 
385 2.00 
463 1.75 
6 192 8.75 
270 4.75 
310 3.50 
380 3.75 
460 1.50* 
T = 28.8 cm 
6.35 2 736 11.00 
800 9.25 
918 8.75 
1018 5.25 
1140 5.00 
\ Temp. ne P 
in-lb ®C watts 
0.56 19.2 207 3.35 2.14 
0.80 19.2 110 5.82 2.07 
1.02 19.2 120 8.95 1.82 
1.2 19.2 156 11.07 1.93 
1.6 19.2 95 17.22 1.89 
0.40 20.0 28 0.88 2.72 
0.76 20.0 26 2.43 2.42 
0.96 20.0 19 3.52 2.32 
1.5 20.0 14 6.83 2.35 
2.0 20.0 '— — —  
0.40 20.0 22 0. 89 2.60 
0.70 20.0 24 2.24 2.22 
0.94 20.0 14 3.45 2.27 
1.4 20.0 13 6.38 2.20 
2.0 20.0 14 10.95 2.17 
0.40 20.0 28 0.91 2.52 
0.66 20.0 21 2.11 2.11 
0.86 20.0 18 3.15 2.08 
1.3 20.0 24 5.84 2.09 
1.9 20.0 
28.7 cm p ~ 1.008 g/ml 
0.46 21.0 135 4.00 2.08 
0.58 21.0 123 5.49 2.22 
0.70 21.0 134 7.60 2.04 
0.82 21.0 89 9.88 1.94 
1.1 21.0 95 14.83 2.08 
Table C3 (Continued) 
D T/C 60n 0 
cm rpm sec in-lb 
3 736 13.25 0.44 
816 11.25 0.58 
920 9.00 0.70 
1020 8.50 0.86 
1144 8.50 1.10 
6 730 15.25 0.42 
792 11.50 0.50 
914 9.50 0.70 
1038 9.25 0.84 
1140 10.50 1.06 
2 496 8.75 0.58 
608 8.00 0.90 
708 6.75 1.10 
924 5.0 1.7 
1132 4.25 2.7 
3 509 20.50 0.58 
621 20.00 0.82 
724 17.00 1.10 
940 6.00 1.8 
1160 6.75 2.7 
6 503 19.00 0.52 
626 18.00 0.80 
744 9.50 1.0 
938 8.25 1.6 
1140 5.50 2.6 
2 193 12.75 0.38 
271 8.00 0.66 
308 7.00 0.86 
340 10.00 1.10 
385 4.75 1.5 
Temp. n0 P 
®C watts 
21.0 162 3.83 1.99 
21.0 153 5.60 2,14 
21.0 138 7.62 2.03 
21.0 144 10.38 2.03 
21.0 162 14.89 2.06 
21.1 186 3.63 1.94 
21.1 152 4.68 1.96 
21.1 145 7.57 2.06 
21.1 160 10.31 1.91 
21.1 200 14.29 2.00 
21.7 72 3.40 2.33 
21.7 81 6.47 2.40 
21.7 80 9.21 2.16 
21.7 77 18.58 1.96 
21.7 80 36.16 2.08 
21.7 174 3.49 2.21 
21.7 207 6.02 2.10 
21.7 205 9.42 2.07 
21.7 94 20.02 2.01 
21.7 130 37.05 1.98 
21.1 159 3.09 2.03 
21.1 187 5.92 2.01 
21.1 118 8.80 1.78 
21.1 129 17.75 1.79 
21.1 104 35.06 1.97 
21.1 41 0.87 2.39 
21.1 36 2.12 2.10 
21.1 36 3.13 2.12 
21.1 57 4.42 2.23 
21.1 30 6.83 2.37 
Table C3 (Continued) 
D T/C 6 On 0 
cm rpm sec 
3 194 29.0* 
271 19.00 
311 11.25 
344 9.50 
387 8.00 
6 187 —a 
270 12.75 
309 16.75 
350 8.75 
386 12.75 
T = 39.3 cm 
6.35 2 720 42.50 
800 46.50 
920 22.5a 
1020 18.75 
1144 20.00 
6 726 32.00 
790 19.50 
918 24.50 
1018 21.25 
1138 19.25 
7.62 2 609 31.75 
720 19.25 
916 10.00 
1018 8.25 
1138 5.75 
Temp. ne P 
in-lb ®C watts 
0.40 21.1 — — 
0.78 21.1 86 2.50 2.49 
1.00 21.1 58 3.68 2.42 
1.3 21.1 54 5.29 2.57 
1.5 21.1 52 6.87 2.34 
0.36 21.1 —  —  
0.60 21.1 57 1.92 1.92 
0.88 21.1 86 3.22 2.16 
0.94 21.1 51 3.89 1.80 
1.20 21.1 82 5.48 1.88 
3.93 cm p = 1.005 g/ml 
0.44 20.0 — —  —  —  —  —  
0.50 20.0 — —  
0.70 20.0 — —  — — —  —  
0.80 20.0 — —  —  —  — —  
1.10 20.0 — —  — —  
0.50 20.0 —  —  —  —  
0.60 20.0 257 5.61 2.37 
0.72 20.0 375 7.82 2.10 
0.82 20.0 360 9.88 1.95 
1.10 20.0 365 14.81 2.09 
0.80 20.0 322 5.76 2.13 
1.02 20.0 231 8.69 1.95 
1.7 20.0 153 18.42 2.00 
2.0 20.0 140 24.08 1.91 
2.6 20.0 109 35.00 1.99 
Table C3 (Continued) 
D T/C 60n 0 T„ Temp. ne P N 
n po 
cm rpm sec in-lb "C watts 
3 605 21.50 0.82 20.0 217 5.87 2.22 
716 19.50 1.16 20.0 233 9.82 2.24 
908 9.50 1.8 20.0 144 19.33 2.16 
1002 17.00 2.2 20.0 284 26.08 2.17 
1140 11.25 2.7 20.0 214 36.41 2.06 
6 612 21.50 0.78 20.0 219 5.65 2.06 
722 20.25 1.00 20.0 244 8.54 1.90 
908 10.50 1.7 20.0 159 18.26 2.04 
1040 8.50 2.0 20.0 147 24.61 1.83 
1140 7.25* 2.5 20.0 138 33.72 \.90 
2 382 29.25^ 1.4 20.0 
485 13.00 2.2 20.0 105 12.62 2.20 
581 10.00 3.0 20.0 97 20.62 2.09 
684 6.50 4.5 19.9 74 36.41 2.26 
760 5.00 5.0 20.0 63 44.95 2.03 
3 386 17.75 1.5 19.9 114 6.85 2.36 
487 15.50 2.3 19.9 126 13.25 2.28 
575 11.50 3.0 19.9 110 20.41 2.13 
675 8.75 4.4 19.9 98 35.13 2.27 
770 8.25 5.4 19.9 106 49.19 2.14 
6 384 20.00 1.2 20.0 128 5.45 1.91 
485 18.50 2.0 20.0 150 11.48 2.00 
580 15.00 2.5 20.0 145 17.15 1.74 
680 7.50 3.8 20.0 85 30.57 1.93 
760 8.00 4.6 20.0 101 41.36 1.87 
Table C4. Mixing 1% starch paste by 
D T/C 60n 0 
cm rpm sec 
T = 21.4 cm H 
6.35 2 625 11.25 
730 8.25 
820 7.00 
918 6.75 
1142 4.25 
3 621 12.00 
742 8.50 
800 8.50 
930 7.00 
1140 5.00 
6 610 12.50 
724 8.75 
820 10.00 
920 9.75 
1140 7.75 
7.62 2 .379 9.25 
496 6.75 
619 5.50 
742 6.00 
800 5.00 
3 386 11.00 
505 9.00 
619 7.00 
742 5.50 
800 4.75 
propeller in fully baffled vessels 
Temp. n0 P 
in-lb ®C watts 
21.4 cm p = 1.003 g/ml 
0.14 20.1 117 1.03 0.88 
0.16 20.1 100 1.38 0.74 
0.18 20.1 96 1.75 0.66 
0.20 20.1 103 2.17 0.58 
0.22 20.1 81 2.97 0.42 
0.10 20.6 124 0.73 0.64 
0.16 20.6 105 1.40 0.72 
0.18 20.7 113 1.70 0.69 
0.20 20.7 108 2.20 0.57 
0.22 20.8 95 2.97 0.42 
0.08 20.4 127 0.58 0.53 
0.16 20.4 105 1.37 0.75 
0.18 20.3 137 1.75 0.66 
0.18 20.2 150 1.96 0.52 
0.24 20.2 147 3.24 0.46 
0.14 19.8 58 0.63 0.97 
0.16 19.8 56 0.94 0.64 
0.18 19.8 57 1.31 0.46 
0.22 19.8 74 1.93 0.40 
0.24 19.8 67 2.27 0.37 
0.08 19.9 71 0.36 0.53 
0.14 19.9 76 (1.84 0.54 
0.16 19.9 72 1.17 0.41 
0.18 19.9 68 1.58 0.32 
0.20 19.9 63 1.89 0.31 
Table C4 (Continued) 
D T/C 60n e 
cm rpm sec in-lb 
6 386 8.50 0.10 
495 10.0 0.14 
620 7.50 0.18 
740 7.50 0.20 
820 6.00 0.22 
2 271 10.25 0.16 
308 8.25 0.18 
386 7.25 0.22 
505 4.00 0.36 
610 4.25 0.46 
3 264 8.25 0.16 
309 8.50 0.18 
385 6.25 0.22 
505 6.50 0.28 
619 3.25 0.40 
6 270 10.00 0.16 
304 10.50® 0.20 
385 8.25 0.24 
503 4.50 0.38 
619 4.25* 0.44 
T = 28.8 cm H = 28.5 
2 722 13.00 0.18 
820 9.00 0.20 
938 11.25 0.18 
1018 9.50 0.24 
1144 8.00 0.26 
^Questionable data not used in analysis. 
Temp. n0 P 
"C watts 
19.9 55 0.46 0.t6 
19.9 82 0.82 0.57 
19.9 78 1.32 0.4f 
19.9 92 1.75 0.36 
19.9 
19.9 46 0.51 0.51 
19.9 42 0.65 0.45 
19.9 47 1.00 0.35 
20.0 34 2.15 0.33 
20.0 43 3.31 0.29 
20.0 36 0.50 0.54 
19.9 44 0.66 0.44 
20.0 40 1.00 0.35 
19.9 55 1.67 0.26 
20.0 34 2.93 0.24 
19.9 45 0.51 0.52 
19.9 — — — — 
19.9 53 1.09 0.81 
19.9 — — — — — 
19.9 38 2.26 0.35 
p = 1.002 g/ml 
19.8 156 1.54 0.85 
19.9 123 1.94 0.73 
19.9 176 2.00 0.50 
19.9 161 2.89 0.57 
19.8 152 3.52 0.49 
Table C4 (Continued) 
D T/C 6On 6 
cm rpm sec in-lb 
3 738 17.75* 0.18 
800 16.75 0.18 
940 12.50 0.20 
1020 10.00 0.22 
1140 11.25 0.26 
6 740 17.00 0.18 
800 13.50 0.18 
920 14.50 0.20 
1018 17.75 0.22 
1140 9.25 0.26 
2 495 12.50 0.16 
615 9.25 0.18 
742 8.75 0.20 
920 7.50 0.26 
1140 7.25 0.36 
3 505 12.75 0.16 
615 9.25 0.18 
738 13.50 0.20 
936 9.25 0.28 
1164 7.00 0.40 
6 504 17.50 0.12 
605 11.00 0.20 
744 11.25 0.20 
918 10.00 0.26 
1162 10.00 0.38 
Temp. n0 P 
"C watts 
19.7 — — 
19.7 223 
19.6 195 
19.7 170 
19.6 214 
19.8 210 
19.8 180 
19.8 222 
19.8 301 
19.8 176 
20.0 103 
20.1 95 
20.0 108 
20.1 115 
20.1 138 
20.0 107 
20.0 95 
20.0 166 
20.0 144 
20.0 136 
20.0 147 
20.0 111 
20.0 140 
20.0 153 
20.0 194 
1.70 0.69 
2.22 0.56 
2.65 0.52 
3.51 0.49 
1.58 0.81 
1.70 0.69 
2.18 0.58 
2.65 0.52 
3.51 0.49 
0.94 0.65 
1.31 0.47 
1.76 0.36 
2.83 0.30 
4.85 0.27 
0.96 0.62 
1.31 0.47 
1.73 0.36 
3.10 0.32 
5.51 0.29 
0.72 0.47 
1.43 0.54 
1.76 0.36 
2.82 0.31 
5.22 0.28 
Table C4 (Continued) 
D T/C 60n 0 
cm rpm sec 
10.16 2 191 18.25' 
309 11.75 
385 10.00 
503 6.25 
616 6.50 
3 190 19.00 
301 14.50 
385 10.50 
•504 10.25 
619 7.25. 
6 191 30.25' 
309 12.00 
378 11.25 
504 8.75 
619 9.50 
T = 39.3 cm 
6.35 6 736 28.50' 
818 35.25' 
920 26.75' 
1018 30.75 
1142 22.75 
7.62 2 615 21.00 
740 21.50 
916 16.25 
1020 13.75 
1140 13.00 
3 615 22.25 
738 25.25 
918 15.75 
1016 18.00 
Temp, n0 P N ^ 
n po 
in-lb °C watts 
0.10 19.9 —  —  —  —  —  —  
0.20 19.9 60 0.73 0.49 
0.24 19.9 64 1.09 0.38 
0.36 20.0 52 2.14 0.34 
0.46 20.0 67 3.35 0.28 
0.14 20.0 60 0.31 0.91 
0.20 20.0 73 0.71 0.52 
0.26 20.0 67 1.18 0.41 
0.38 20.0 86 2.26 0.35 
0.44 20.0 75 3.22 0.27 
0.12 20.0 — 
0.20 20.0 62 0.73 0.49 
0.22 20.0 71 0.98 0.36 
0.36 20.0 74 2.15 0.33 
0.46 20.0 98 3.37 0.28 
39.3 cm p = 1.002 g/ml 
0.16 22.0 —  —  — —  — —  
0.20 22.0 — — — —  
0.20 22.0 — —  
0.22 22.0 — —  — —  — —  
0.24 22.0 — — —  —  
0.16 21.9 215 1.16 0.42 
0.20 21.9 265 1.75 0.36 
0.24 21.9 248 2.60 0.28 
0.30 21.9 234 3.62 0.29 
0.38 21.9 247 5.12 0.29 
0.16 21.9 228 1.16 0.42 
0.20 21.9 —  —  
0.24 21.9 241 2.61 0.28 
0.28 21.9 305 3.36 0.27 
Table C4 (Continued) 
D 
cm 
T/C 60n 
rpm 
0 
sec 
Tn 
in-lb 
Temp. 
*C 
n0 P 
watts 
V 
1164 13.75= 0.36 21.9 267 4.96 0.26 
6 615 23.50^ 0.18 21.5 — — — — — — 
722 27.00 0.20 21.8 325 1.71 0.38 
920 21.75 0.24 21.8 334 2.61 0.28 
1018 16.25 0.28 21.8 276 3.37 0.27 
1164 18.25 0.36 21.5 354 4.96 0.26 
10,16 2 376 19.75 0.22 21.3 124 0.98 0.37 
505 14.75 0.36 21.2 124 2.15 0.33 
620 16.00 0.50 21.2 165 3.67 0.31 
740 10.75 0.64 21.2 132 5.60 0.28 
784 10.25 0.76 21.3 134 7.05 0.29 
3 377 16.75 0.24 21.4 105 1.07 0,40 
494 15.00 0.38 21.6 124 2.22 0.37 
610 15.50 0.48 21.6 158 3.46 0.30 
720 11.25 0.66 21.6 135 5.62 0.30 
802 12.25 0.76 21.5 164 7.21 0.28 
T = 39.3 cm H = 39.3 cm p = 1. 002 g/ml 
10.16 6 387 19,75^ 0.20 21.1 — — — — 
505 14.75 0.30 21.1 124 1.79 0.28 
612 16.00 0.44 21.1 163 3.18 0.28 
722 11.50 0.60 21.1 138 5.12 0.27 
802 14.25 0.70 21.1 190 6.64 0.26 
Table C5. Mixing 2% starch paste by 
D T/C 6On 0 
cm rpm sec 
T = 21.4 cm H 
6.35 2 615 14.50 
740 8.50 
800 7.75 
920 7.25 
1144 4.75 
3 608 8.75 
720 8.00 
820 6.50 
918 6.00 
1140 4.50 
6 605 14.75 
736 13.75 
820 8.75 
938 8.75 
1138 6.50 
7.62 2 386 14.25 
495 12.50 
606 5.50 
742 6.50 
800 5.25 
3 378 14.75 
505 12.50 
620 6.25 
742 6.00 
818 5.25 
ine propeller in fully baffled vessels 
Tn Temp. ne P ^po 
in-lb *C watts 
21.5 cm p = 1. 005 g/ml 
0.14 19.3 149 1.02 0.91 
0.16 19.3 105 1.40 0.72 
0.18 19.2 103 1.70 0.69 
0.18 19.3 111 1.96 0.52 
0.24 19.2 90 3.25 0.45 
0.10 19.2 89 0.72 0.67 
0.16 19.2 96 1.36 0.76 
0.16 19.2 89 1.55 0.58 
0.20 19.2 92 2.17 0.58 
0.24 19.2 86 3.24 0.45 
0.16 19.3 149 1.14 1.08 
0.20 19.3 169 1.74 0.91 
0.18 19.3 120 1.75 0.66 
0.22 19.3 137 2.44 0.62 
0.28 19.3 123 3.37 0.53 
0.08 19.1 92 0.36 0.53 
0.16 19.1 103 0.94 0.65 
0.18 19.1 56 1.29 0.48 
0.20 19.1 80 1.76 0.36 
0.22 19.1 70 2.08 0.34 
0.10 19.1 93 0.48 0.69 
0.18 19.1 105 1.07 0.70 
0.20 19.1 64 1.47 0.51 
0.20 19.1 74 1.76 0.36 
0.24 19.1 72 2.32 0.35 
Table C5 (Continued) 
D T/C 60n 0 
cm rpm sec 
6 377 12.50 
504 11.50 
605 7.50 
740 7.00 
818 5.25 
10.16 2 271 24.50 
302 10.25 
388 10.00 
505 7.00 
620 6.25 
3 270 21.50 
304 17.75 
387 8.00 
506 9.50 
617 4.25 
6 265 11.50 
310 14.25 
389 9.25 
505 6.00 
620 3.50 
T = 28.8 cm 
6.35 2 740 16.50 
800 16.25 
918 18.75 
1014 9.75 
1140 12.00 
T^ Temp. n0 P N ^ 
n po 
in-lb ®C watts 
0.08 19.2 78 0.37 0.56 
0.12 19.2 97 0.72 0.47 
0.20 19.1 76 1.43 0.54 
0.20 19.2 86 1.75 0.36 
0.22 19.2 72 2.13 0.32 
0.20 19.0 111 0.64 0.64 
0.20 19.0 52 0.71 0.52 
0.26 19.0 65 1.19 0.40 
0.38 19.0 59 2.27 0.35 
0.52 19.0 64 0.38 0.32 
0.16 19.1 97 0.51 0.51 
0.18 19.0 90 0.65 0.46 
0.22 19.1 52 1.01 0.34 
0.36 19.0 80 2.15 0.33 
0.48 19.1 44 3.50 0.30 
0,18 19.0 51 0.56 0.60 
0.20 19.0 74 0.73 0.49 
0.26 19.0 60 1.20 0.40 
0.40 19.0 50 2.39 0.37 
0.46 19.0 36 3.37 0.28 
29.5 cm p = 1.002 g/ml 
0.14 18.9 204 1.22 0.63 
0.16 18.9 217 1.51 0.62 
0.20 18.9 287 2.17 0.59 
0.20 19.0 165 2.40 0.48 
0.22 18.9 228 2.97 0.42 
Table C5 (Continued) 
D T/C 60n 0 T^ 
cm rpm sec in-lb 
3 738 15.50 0.16 
800 12.75 0.18 
920 10.50 0.20 
1018 11.25 0.22 
1140 11.50 0.24 
6 758 22.50 0.10 
800 17.75 0.14 
920 15.00 0.18 
1018 15.25 0.20 
1144 12.50 0.20 
2 495 13.75 0.14 
610 14.75 0.16 
746 10.25 0.20 
940 8.25 0.26 
1140 6.25 0.38 
3 513 15.00= 0.14 
615 17.25® 0.18 
730 12.75 0.20 
938 7.75 0.28 
1140 5.50 = 0.40 
6 505 18.25® 0.14 
613 15.25 0.18 
736 13.25 0.20 
918 7.75 0.28 
1140 8.50 0.40 
^Questionable data not used in analysis. 
Temp. n0 
°C 
P 
watts 
19.0 191 1.40 0.72 
19.0 170 1.70 0.69 
19.0 161 2.18 0.58 
19.0 191 2.65 0.52 
19.0 218 3.24 0.46 
18.9 284 0.90 0.43 
18.9 237 1.32 0.54 
18.9 230 1.96 0.52 
18.9 259 2.41 0.48 
18.9 238 2.70 0.38 
19.0 113 0.82 0.57 
19.0 150 1.15 0.43 
19.0 127 1.76 0.36 
19.0 129 2.89 0.29 
19.0 119 5.12 0.29 
19.0 128 0.85 0.53 
19.0 — — — — 
19.0 155 1.73 0.37 
19.0 121 3.12 0.32 
19.0 104 5.39 0.30 
19.0 — —  — — 
19.0 156 1.30 0.48 
19.0 162 1.74 0.37 
19.0 118 3.04 0.33 
19.0 162 5.39 0.30 
Table C5 (Continued) 
D T/C 60n 0 
cm rpm sec 
10.16 2 310 15.25 
346 13.75 
381 16.50' 
505 6.25 
620 6.50 
3 310 11.25 
350 11.75 
386 10.00 
506 7.75 
611 6.50 
6 301 16.50 
348 10.50 
386 11.50' 
505 8.50 
619 6.50 
T = 39.3 cm 
7.62 3 613 28.00 
720 17.00 
914 15.25 
1036 18.50 
1140 12.00 
10.16 2 385 19.25 
505 20.25 
615 16.75 
740 11.25 
802 11.75 
•'n 
Temp. n6 P 
in-lb *C watts 
0.16 19.0 79 0.59 0.39 
0.18 19.0 79 0.74 0.35 
0.20 19.0 — — 
0.32 19.0 53 1.91 0.30 
0.46 19.0 67 3.37 0.28 
0.18 19.0 58 0.66 0.44 
0.20 19.0 68 0.83 0.38 
0.22 19.0 64 1.00 0.35 
0.34 19.0 65 2.04 0.31 
0.46 19.0 66 3.32 0.29 
0.18 19.0 83 0.64 0.47 
0.20 19.0 61 0.82 0.39 
0.22 19.0 — — — — — — 
0.36 19.0 72 2.15 0.33 
0.50 19.0 67 3.66 0.31 
39.5 cm p = 1.004 g/ml 
0.18 19.1 — — — — — — 
0.22 19.1 204 1.87 0.42 
0.28 19.1 232 3.02 0.33 
0.34 19.1 319 4.17 0.31 
0.40 19.1 228 5.39 0.30 
0.20 19.1 124 0.91 0.32 
0.32 19.1 170 1.91 0.29 
0.42 19.1 172 3.06 0.26 
0.60 19.1 139 5.25 0.26 
0.86 19.1 157 8.16 0.31 
Table C5 (Continued) 
D T/C 6 On 0 Tn Temp. n0 P ^po 
cm rpm sec in-lb °C watts 
3 377 20.50 0.24 19.1 129 1.07 0.40 
495 17.00 0.38 19.1 140 2.22 0.36 
621 14.50 0.44 19.1 150 3.23 0.27 
742 16.75 0.62 19.1 207 5.44 0.26 
800 12.00 0.68 19.1 160 6.44 0.25 
6 395 25.75 0.20 19.1 170 0.93 0.30 
504 19.00 0.24 19.1 160 1.43 0.22 
620 15.25 0.42 19.1 158 3.08 0.26 
758 13.75 0.60 19.1 174 5.38 0.24 
806 12.25 0.70 19.1 164 6.67 0.25 
Table C6. Mixing 3% starch paste by marine propeller in fully baffled vessels 
D T/C 60n 0 Temp. n0 P 
cm rpm sec in-lb "C watts 
T = 21.4 cm H = 21.4 cm p = 1. 008 g/ml 
2 830 a 0.20 20.8 — —  — — —  —  
1140 a 0.24 20.8 — —  — —  
2 798 a 0.26 20.9 —  —  
920 19.25 0.36 20.9 295 3.92 0.42 
1018 11.25 0.40 20.9 191 4.82 0.38 
1160 13.75 0.44 20.9 266 6.04 0.32 
3 738 26.00 0.20 21.0 320 1.75 0.36 
820 11.50 0.22 21.0 157 2.13 0.32 
920 9.25 0.30 21.0 142 3.26 0.35 
1018 8.25 0.28 21.0 140 3.34 0.27 
1162 6.25 0.40 21.0 121 5.50 0.29 
6 756 a 0.28 21.0 —  —  —  —  
802 16.00 0.34 21.0 214 3.22 0.52 
920 13.75 0.38 21.0 211 4.14 0.44 
1020 13.00 0.42 21.0 221 5.07 0.40 
1142 8.75 0.48 21.0 167 6.48 0.36 
2 386 24.75 0.26 20.8 159 1.19 0.41 
505 11.50 0.38 20.8 97 2.27 0.35 
611 7.00 0.54 20.8 71 3.90 0.34 
738 4.00 0.68 20.8 49 5.94 0.29 
796 5.75 0.80 20.8 76 7.53 0.30 
^Questionable data not used in analysis. 
Table C6 (Continued) 
D T/C 60n 0 
cm rpm sec 
3 385 18.75 
505 14.75 
605 6.00 
740 4.75 
814 4.25 
6 385 25.50 
494 19.75 
620 6.75 
740 3.50 
780 5.75 
T = 28.8 cm 
7.62 2 918 
1020 57.75^ 
1144 37.25^ 
3 926 37.50^ 
1016 28.25 
1140 15.00 
6 920 14.25 
1020 20,50 
1140 18.25 
10.16 2 385 
492 50.25^ 
623 40.75 
740 7.50 
Temp. ne P 
in-lb ®C watts 
0.22 20.9 120 1.00 0.35 
0.36 20.9 124 2.15 0.33 
0.48 20.9 60 3.44 0.31 
0.64 20.8 58 5.60 0.27 
0.76 20.9 58 7.32 0.27 
0.24 20.9 164 1.09 0.38 
0.40 20.9 163 2.34 0.38 
0.50 20.9 70 3.67 0.30 
0.68 20.9 43 5.95 0.29 
0.80 20.9 75 7.38 0.31 
28.9 cm p = 1.004 g/ml 
0.34 20.8 — — —  —  
0.36 20.8 — —  —  —  
0.42 20.8 —  —  — —  — —  
0.32 20.9 —  —  —  —  —  —  
0.38 20.9 478 4.57 0.36 
0.42 20.8 285 5.66 0.32 
0.34 20.9 218 3.70 0.40 
0.38 20.9 348 4.56 0.36 
0.40 20.9 347 5.39 0.30 
0.24 20.7 —  —  
0.40 20.8 — —  — —  
0.56 20.8 —  —  —  —  —  —  
0.72 20.8 92 6.30 0.31 
Table Ci5 (Continued) 
D T/C 60n 0 Temp. ne P N 
n po 
cm rpm sec in-lb ®C watts 
3 380 27.50 0.24 20.8 174 1.08 0.39 
500 19.25 0.38 20.8 160 2.25 0.36 
620 11.25 0.52 20.8 116 3.81 0.32 
744 9.25 0.70 20.8 115 6.16 0.30 
6 379 26.50 0.24 20.9 167 1.08 0.39 
505 18.75 0.40 20.9 158 2.39 0.37 
620 16.25 0.58 20.9 168 4.25 0.35 
726 6.75 0.80 20.9 82 6.87 0.36 
T = 39.3 cm H ••=  39.5 cm p = 1.008 g/ml 
2 378 a 0.24 19.1 — — — —  — —  
505 36.75^ 0.38 19.1 —  —  — —  
620 20.75 0.54 19.1 214 3.96 0.33 
720 12.25 0.70 19.1 147 5.96 0.32 
800 10.75= 0.80 19.1 143 7.57 0.29 
3 379 47.75® 0.24 19.1 —  —  
494 18.75 0.40 19.1 154 2.34 0.38 
616 13.75 0.56 19-1 141 4.08 0.34 
740 13.25 0.74 19.1 163 6.48 0.32 
800 10.75= 0.80 19.1 143 7.57 0.29 
6 386 35.75^ 0.28 19.1 — — —  —  — — 
494 19.00 0.42 19.1 156 2.45 0.40 
613 20.75 0.60 19.1 212 4.35 0.37 
722 14.25 0.78 19.1 171 (5.66 0.35 
800 10.75 0.80 19.1 143 7.57 0.29 
